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FOREWORD

This report has been prepared in accordance with requirements
of Contract JPL 952534 to present data and conclusions resulting
from a six month study effort performed for the Jet Propulsion
Laboratory by the Martin Marietta Corporation. Volume I contains
the Introduction, Summary and Conclusions, Volume II contains de-
talls of the Technical Studies and Analysis, and Volume III con-
tains the Appendixes.
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SCHEDULE

1.0 STATEMENT OF WORK

—

(a) The Contractor shall conduct a study of a Venus multi-probe entry
mission for a 1975 mission opportunity, The entry protes shall be
targeted for significantly different planet locations and environments
(e.g., near subsolar, near anti-subsoler and polar sites).

The general areas of effort to azcomplish the above objectives are:

1)

(2)

3

(4)

Definition of the requirements of an entry mission with multiple
probes as a vehicle for extensive exploration of the Veaus atmos-
phere. The entry probes' science capahility shall be as specified
in study reference specified in paragraphs (b)(5)(A).

Definition of interplanetary transfer and planetary entry trajec-
tories and planetary environment models for development of the
baselire miseion design. The entry and descent requirements shall
be based on the Venus environment models specified in paragzaph
(b)(5)(B) for a nominal surface pressure range of 70 to 150 Earth
atmogpheres.

Synthesis of entry probe systems compatible with items specified

in paragraphs (a)(l) and (a)(2). The technology and design approache
defined in paragraph (b)(5)(C) shall be utilized to the maximum
practical degree.

Incorporation of the entry protes specified in paragraph (a)(3) inco
& planetary vehicle using flyby and dir_ct-impact Mariner-Venus
spacecraft alternatives as carriers. The specific science capability
of the carrier is not part of the study requirements. The planetary
vehicle shall be compatible with the launch constraints of the Titan
I1Ic vehicle as covered by paragraph (b)(5)(F).

(5) 1n the performance of this effort the Contractor snall:

(1) Define the interplanetscy, planetary flyby, planetary direct-impact,
and planetary entry trajectories, consisten: with mission scientific
requirements, including, but not necessarily limited to, the foilow-
ing considerations:

(A) Definition of baseline impact sites best suited to science
criteria specified in paragraph (b)(5)(A).
B
—— O T
R —— L I -
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(B) Definition of approach trajectories for entry probes compatible
with a direct telecommunication link to Earth from baseline
impact sites.

(C) Definition of entry and descent trajectory parameters (for
bageline impact sites) affecting probe system design to
determine the most desi.able entry conditions for the mission
(e.g., aerodynamic heating and deceleration as a function of
entry path angle, telecormunication geometry, system weight
requirements, and related conditions).

(1) The atmospheric modelsdefined in paragraph (b)(5)(B),
applicable to a nominal range of 70-150 “arth atmos-
pheres surface pressure, shall establish the range
over which analysis shall be made, The atmospheric
parameter range, for which the entry probe systems
must be capable of accomplishing mission requirements,
shall be determined by tradeoff of subsystem design
penalties and the most probable ranges of parameters.
Final selection of the baseline range for the probe
system design shall be reviewed and approved by JPL,

(11) Deczleration »f the probe to subsonic velocity at an
altitude and time before impact shall be insured,
compatible with science measurement and data transmission
requirements,

(1i1) The aersthermodynamic environment shall be compatible with
the technology limits and heat shield weights taken from
paragraph (b)(5)(D), with exceptions a~ specified tharein.

(D) Definition of interplanetary rransfer trajectories consistent
with Titan IIIC launch veélilcle constraints delineated in
paragraph (b)(5)(F) and mission requirements outlined in
paragraphs (b) (1) (A) through (b)(1)(C).

Define entry probe systems consisteamt with the ecience requirements
specified in paragraph (b)(5)(A) and the mismion constraints speci-
fied in paragraph (b)(l). The systems are not required to survive
impact and need not he identical 1if the study indicetes this is not
fsvorable., Results and conclusions shall be documentad by system

and gubsystem functional descripti-ns and block diagrams, op=rational
sequences, configuration drawings and weight and power summaries.
Definition of the systems shall include, but rot necassarily be limited
to, the following:

(A) Definition of the data system design based on mission regsive-
ments, specificallyscompatibility with the baseline impact sites.

(B) Design mechanization of science instrument saapling and/or data
gatharing, including physical arrangement of instruments, ducting
and/or sensor exposure required to obtain meaningfuli measurements
of the Venus environment.

3
4
]
i
?
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(C) Definition of design and technological implications of prcbe
decorntanination to the criteria established in paregraph
(b) (4) (D). S

AN

(D) Definition of probe system propulsion sice and accuracy
requirements to achieve the baseline impact sites within
reasoneble dispersions from flyby #nd direct-impact space-
craft alternatives,

(E) Definitior of engineering subsystems reauirements and system
configuration (e.g., attitude control, aeroshell) to achieve
the entry and descent conditions consisten. with scientific

’ objectives, based on analyses specified in paragraph (b)(1).

(F) Evaluation of major technology developments recessary for the
entry system,

(3) Define flyby and direct-impact planetar; vehiclc systems which
incorporat= the entry probes defined in paragraph (%) (2) required
to accomplish the probe science mission objectivez specified in
paragraph (b)(5)(A). The spacecraft shall be based on Mariner
project concepts as defined by configuration 20a, page 5-10, in
the documercation covered by paragraph (b)(5){C) with minimum
modifications required to reflect the 1975 mission trajecteszy
parameters, the direct-impact alternative, and the interfaces of
the entry probes wita the spacecraft., Results and conclusions
shall be documented by configuration interface drawings, weight
and power summaries, interface block diagrams and operational
sequences. Analytical estimates of carrier structural suitabilicy

or required changes to accommodate t“e entry probes shall also be
made.

(4) Observe the following constrainte:

(A Miscion accomplishment shall be during the 1975 launch
opportunity, Svstem state-of-the-art will be as of
July 1972, .

(B) Mission requirements shall be compatible with the Deep Space
Net (DSN) capability as described in paragraph (b)(5)(E).

(C) Launch energy requirements shall be based upon use of a
Titan IIIC vehicle, in accurdance with paragraph (b) (5)(F).

(D) The miseion shall be consistent with the NASA planetary quaran-
tine policy specified in NASA Management Manual 4-4-1, "NASA
Unmanned Spacecraft Decontamination Policy," Septembsr 13963,
which for this mission is interpreted to mean that the region
of the atmosphere which might be conducive to forms of life
thall not be contaminated.

For purposes of this study:

(1) The system shall be assembled in 'clean rooms' at
specified levels of assembly.

(i1) All hardware entering the planet's atwosphere must be
capable of withstanding ethylene oxide (ETO) exposure
in accordance with paragreph (b)(3)(G).

- S A . b T e ey
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(i11) Selected probe equipment (e.g., Feat shield and other
elemente that might outgas or vent to the a.mosphere)
must be capable of withstanding heat sterilization as
defined in paragraph (b)(5)(G).

(iv) 1he planerary entry systems shall be enclosed in a
bacter.ological harrier to mai .tain cleanliness and
cteriiity, After decontamination, the enclostire shcll
not be opened within any porrion of the Earth's atros-
phere which might recontaminate the entry system, r

(v) Adherence “o items coveved in paragraphs (a)(4)(D)(i)
througl. (iv) shall app.y oaly to the entry probes.
(Note: Fkxclusion of the spacecraft at this time is
for purposes of this study only.)

Trajectory-related constants shall be as defined in paragraph
(R3(5)(H).

Utilize the following information:

(A)

(B)

(n)

(E)

()

(©)

JPL Section Document 131-03, "Science Criteria for Venus Entry
Missions,' dated Marzh 3, 1969,

NASA Space Vehicle Desige Criteria, 'Models of Venus Atmosphere
(1968)," ' .>A SP-8011, dcted Decembar 1968, -

Avco Report AVSSO-08(-68-RR, '"197Z Venus Flyby/Entry Probe Mission
Study,"” Final Technical Repor’, Bocks I and II, April 1968,

JPL Section Document 131-05, "Venus Lntry ..eat Shield Design
Requirements and ‘itectnology Limits.'" (undated)

JPI. Document 611-1, "Tracking and Data System Estimated Capabil-
ities for the Mars 1973 Mission,'" December 1, 1968,

Titan ITIC launch vehicle performance information contained in
JPL Section Docvment 131-04, dated March 3, 1969,

JPL Specification No, VOL-505C3-""S5, "Environmental Specificationm,
Voyager Capsule Flight Equipment Type Approval and Flight Acceptance
Test Procedures for the Heat Sterilization and ETO Decontsmination ;
Environmente,' dated January 12, 1966,

JPL TR-32-1306, ''Constants and Related Information for Astrodynamic
Calculations 1968," dated July 15, 1968,

JPL-geierated trajectory data (tabulated) for the 1975 launch
opportunities for Venus missions. This does not include Verus
entry trajectory information.
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(6) Provide the following reports and documentation:

(A) One (1) reproducible and twenty-five (25) print copies of a
Monthly Technical Progress Letter Report to JPL and five (5)
print copies to Goddard Space Flight Center (GSFC), which
shall include, but not necessarily be limited to, the following:

(i) The detailed technical progress made during the reporting
period.

(ii) A brief discussion of technical problems encountered and
their solution,

(iii) A brief review of the detailed program for the ensuing
month,

(iv) An evaluation of conditions which muy affect completion
of the study Contract,

(v) JPL Form 3177 entitled '"Monthly Progress Repor. shall
be utilized in complying with this requirement,

(B) One (1) reproducible and six (6) print copies of JPL Form 3174
entitled 'Milestone Progress Report."

(C) An Effort Report for the Key Personnel listed in Article 4.
The report shall include the name, classification, inclusive dates
and hours worked for each individual.

(D) One (1) reproducible and six (6) print copies of a Monthly
Financial Report which shall include, but not necessarily be
limited to, the following:

(i) Contractor Financial Management Report, NASA Form 533b
(Feb. 67).

(ii) A @raphic Presentation indicating rate of actual expenditure
and projected expeuditures to completion of Contract,

{(E) A Midterm Oral Technical Presentation at JPL to include, but not
necessarily be limited to, the progress of the work performed
during the reporting period. The Contractor's Key Personnel on
this study shall be present at thia Midterm presentation. Twenty-
five (25) copies of the slide material (annotated) shall be
available to JPL and five (5) copies to GSFC three (3) working
days prior to the time of the presentation.

e e

(F) Five (5) copies to JPL and one (1) copy to GSFC »f a Preliminary
Draft of the Final Engineering Report for JPL approval.

D T e o MR, bGP " ™ T i T TR
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(G) One (1) reproducible and seventy-five (75) print copies of a
Final Engineering Report covering all effort accomplished in
the performance of the Contract to JPL and f{ive (5) copies to
GSFC. 1he report shall be presented in the following general
format:

(i) Definition of task.
(ii) Definition of terms.
(iii) Assumptions and constraints,

(iv) VPresentation of Supporting Analysis and Rationale,
(v) Results and conclusions.

(H) A Final Oral Presentation at JPL to include, but not necessarily
te limited to, the results of all work performed under this
Contract, Twenty-five (25) copies of the slide material shall
be delivered to JPL and five (5) copies to GSFC three (2) working
dars prior to presentation.

(I) A technical meeting between the Contractor and JPL shall be held
at the Contractor's facility two (2) weeks afte. date of Contract,
at which time the Contractor shall present a Detailed Study Plan.
This study plan shall basically reflect the approach described
in Martin Marietta Corporation Technical Proposal P-69-45, Volume 1,
dated April 1969.

(J) At the request of either JPL or the Contractor, informal discussions
shall be held at Contractor's facility tc review the progress of
the study, or any other matter pertinent thereto.

will:

Furnish to the Contractor, within five (5) calendar days after date
of Contract, the data shown under paragraph (b)(5)

Approve, disapprove, provide comments or suggestions on Detailed Study
Plan as specified in paragraph (b)(6)(I) on or before five (5) working
days after presentation by tre Contractor,

Approve, disapprove, provide comments or suggestions with regard to the
Preliminary Draft of the Final Engineering Report as specified in

paragraph (b)(6)(F) on or before ten (10) working days after receipt
from the Contractor,

Approve, disapprove, provide comments or suggestions with regard to the
Final Engineering Report as specified in paragraph (b)(6)(G) on or betore
five (5) working days after receipt from the Contractor.
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Approve, disapprove, provide comments or suggestions with regard Lo the
selection of the baseline range for the probe system as specified in

paragraph (b)(1)(C)(i) on or before five (5) working days after receipt
from the Contractor.
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Bcience Criteria for Venus Entry Miss_ons

Introduction:

The purpose of this documeni 1: to specify representative science objectives
end instrumentetion for study of & 1975 Venus =ntry mission. Thz2se objective: and
ingtruments are the science constraints to ve used for definiug entry system
characteristics, entry sites and supp.rting subsystem requi: ments. These objec-
tives are derived from a cooperative agreecment per GSFC and JPL baged documents
(1) end (2).

Yenus Exploration Questions:

Venus exploration objectives src eliued, in this document, in terms of the
cuestions below for which answers are sought by the entry missions to be studied.
1) What is the composition of the atmosphere?
&) Are the minor constituents uniformly mixed throughout the atmosphere?
b) Can any constituents condense to form liquids on the surface of the
planet?
¢) Are argon, neon, or nitrogen prescnt in the atmosphere, and what is
thelr origia?
d) How 1s the abundance of these gases related to that of the mejor
constituent CO,?
e) What ionic species ere present in the upper atmosphere?
f) What is the photochemistry of the upper atmosphere?
2) What is the distribution and chemical composition of the clouds?
a) Are the clouds composed of condensed vepors or of solid particles?
b) If the cloud particles are s0lids, are they ice crystals (or other
condensebles) or dust?
¢) If the clouds are dust, is the dust the result of voleanic eruption
or of surfece disintegration?
d) What size are the particles?
=) Are thc clouds uniformly distributed vertically in the atmosphere,
or are there several cloud layers?
3) What is the general circulation pattern of the atmosphere?

a) Is there any variation of the vertical temperature or compositional
profiles with latitude?

| — J—
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b) Are the polar regions cooler than the equat rial region?

¢) What is the physics of interaction between the cloucs and
etmospheric heat sources?

d) 1Is the high surface temperature due to & greenhouse effect, to
convective heating, or to what effect?

e) To what extent 1s the atmosphere responsible for a redistribution
of surface or intemmal materia'?

f) What is the variation ir temperature between the dayside an? the
nightside?

g) Are there high-speed winds on Venus:

Venus Entry Probes Instrumentation:

The following 1s a listing of instrumentation for the Venus entry mission
study, with brief descriptions of thes exploration objective to which 1t appl’.s
and some of the important considGerations in the proposed use of the instrument.
Table I provides quantitative informetion for each instrument. The number and
capabllity of entry systems required to inteyrate the proposed instrumentation
to accomplish the major mission objectives 18 the fundamental task of the mission
study.

Accelerometers:

It 18 proposed to determine the structure of tle Venus atmosphere {i.e.,
pressurc, temperature, and density, as functions of altitude) by measurement of
vehicle acceleration during high speed entry into the atmosphere. Acceleration
meesurements provide one of the simplest and most direct means to determine
atmosphere structure during the portion of the entry when tr= vehicle 1s enveloped
by a shock leycr in which the gas properties have been significently changed from
ambient conditions. The principle underlying this experiment is a simple and
straightforward one - that aerodynamic resistance to motion 1s proportional to the
density cf the atmosphcre and the square of the velocity. The atmospheric density
is thus proportional to the deceleration with the factor of proportionality
2(m/CDA)/V?, where m 1s the vehicle mass, A 1ts frontel area, Cp the drag

coefficient, and V the instantanecus velocity. The drag coefficient is k~omm from
leboratory measurements. (Post-experiment lsboratory work will be devoted, 1if
necessary, to obtaining a drag coefficient at atmospheric conditions closely
duplicating those encountered, both with respect to composition and Mach number
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and Reynolds number.) The measured accelerations are integrated to deline
the instant.neous velocity.

Other data obtalned from the accelervmeter measurements include iltitude
differences, given by integrat.on of the vertical component of velocity; static
ciessure, given by intcgration of the barometric equation using mee sured den-
sities; and the T/M re .io, defiied by the ratio of pressure to density. The
temperature profile carn then be calculated using ubis ratio and the mean
molecu.ar welight of the atmospheric gas mixture ontailed from mars spectrometer
measurements or from low speed measurements of Jressure, temperature, and
acceleration.

The messurement accuracy required for thls experiment has been studied at
some length. As a result of tlese studies, & pendulous force balance aczelero-
meter with a reading accuracy of 0.1 percent of full scale or better will be
used. The Bell Aerosystems Model VII has capabilities considerably in excess of
this requirement.

The experiment requires that a three-axis grcuping of accelerometers be
mounted at the probe center of gravity with a fourth unit providing & redundent
measurement of exial acceleration. In order to realize the required accuracy
of 0.1 percent of full scale, 10-bit digitizetion of each accelerometer measure-
ment will be required.

Pressure Gauzes

The range of atmospheric pressure, 0.05 etmos €1 psi) to 150 atmos (2200 psi),
is such that accurate and reliable capsule-potentiometer and torsion-tube poten-
tiometer gsuges can be used.

_ Temperature Cruge

Temperature measurements must be made over the range 200 to L.'0°K. In order
to achieve the accuracy needed for “he identification of condensing atmospheric
materials, platinum temperature-sensing elements must be used and they must be
well ventiloted.

It is proposed %o use & single platinum resistence element operated over
temperature intervals of 202-300, 300-400, 400-600, and 600-900°K by means of
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temperature actuated range switching. Measurerent error before telemetry will be
¥ 0.5% of the temperature intervals or * 0.59%K for the two low temperature inter-
vals and ¥ 0.5° for the high temperature interval. Further reduction “n error can
be obtained by reduction of the temperature interval size.

Neutral Particle Mass Spectrometer:

The instrument will measure atmospheric composition from the beginning of
prove operation down to t... surface of Venus. Since the probe will be muving
subsonically the composition measurements will be directly interpretable in terms
of the ambient composition.

Instrument mass range will be from 1-90 AMU. During mass range sweep, signal
sensing will be employed and thus vacant mass-numbers pcsitions will not be sampled.
Samplz rass-number identification and amplitude measurement requires 15 bits and
is set for "0 bps output or 1.5 sec sampling tlme per mass signal. Since the
telemetry race is constant the sweep rate ig determined by the total number of
detecteble mass signals. More detectable mass signals will result in longer
range sweep time, fewer detectable mass signals will shorten the range sweep time.

Thernal. Radiometer:

It is propoged to use & downward looking radiometer in the 6.5 to B.S}L and
9.2 to 1¢.8pregions. In the firs: spectral range CO, is relatively transparent
but in the second spectral range it 1s absorbing or opaque. The main source or
atmospheric opacity in the window spectral region is therefore caused by the
particles composing the clouds. The second channel yields essentially the ambient
atmospheric temperature. The first or window channel yields & mean atmospheve
corresponding to a lower altitude.

In a near adiabatic atmosphere the difference in the brightness temperature
between the two channels is thus proportional to the transmission characteristics

of the clouds. Small differences correnpond to opaque clouds, large differences
to thin or abs:>nt clouds.

The rediometer e.periment provides therefo.c a vertical profile or the effec-
tive cloud density. Water clouds or clouds of other condensation products must
be confined to layers while dust clouds must be relatively uniformly distributed
through the whole atmosphere. The measurement of the particle stratification is
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t’ 2refore sulted to distinguish between condensation and noncondensation clouds.

Near the surface, just before impact the experiment also provides a remote

surface temperature measurement,

The radiometer will be of a rugged construction using thermocouples as
detectors and broad band interference filters to isolate the desired spectral

regions.

Solar radiometer

The divergence of the flux of solar radiation represents the fundamental
dynamical drive of the atmosphere. The object of this experiment is to measure
this quantity at all levels in the Venus atmosphere.

Where the upward and downward fluxes differ significantly, the net flux can
be derived from the upward and downward components, measured separately., If
the atmosphere is very deep, however, these two cocmponents (F+ and F~ will be
essentially the same and a measure of the flux divergence can be derived from
the relationship
FH o F- -
where T 1s the optical depth.

W]

d + "
3 (F* + F-)

To apply this relationship, measurements have to be made in spectral ranges
over which optical properties are approximately coastant. Our wavelength bands
would be A < 0.5 1, 0.5 <A <1.5u, 1.5p<A<2.5u and A > 2.5y,
chosen to separate regions with differing particle albedos.

The field of view of the instrument comprises five 30° apex angle cones.
The five cones are contiguous and are arranged in a fan shape with the first field
of view starting at 20° from the zenith and the fifth field of view ending 10°
from the nadir. Since the probe is rctating, the effective field of view of the
instrument 1s approximately spherical. In order to achieve wavelength selection,
the radiation from each conical field of view is separated by a aichroic beam
splitier into the four required wavelength ranges. In summary, the apherical
fieid of view about the prove ig divided by the radiometer into five contiguous
30 bands and each band is observed in four wavelength regions. The first band

is near the zenith, the third band covers the region of the horizon and the
fifth band is near the nadir,
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If we take a detector area of 10 mm2 and a solid angle of 0.2 steradians,
then, from experience with terrestrial measurements, w2 may expect power cn the
order of 1 ,-watt in each field of view and in each wavelength band. Tke
cortribution of direct sunlight would be of +the order of 1 m-watt. These power
levels are easy to measure, for instaence with FtS detectors, using choppers and

phase sensitive detectors to provide stability.

The signsl from each of the 20 detectors which comprise the array should be
sampled and integrated on board the vehicl» for times corresponding to around
1 km change in attitude. The sampling should be synchronized with the spin vate
of tha vehicle (which can be derived by timing the intervals between successive
passage of the sun by the detectors), so that for each 1 km interval we present
20 signals sampled at per%aps 6 different azimuth positions, for a total cf 120
readings. If we esk for 7 bits cf acruracy in each number, plus an additional
3 bits to define attenuatcr settings, we have a total of 1200 bits to be read
out for each 1 km interval. In addition, we should take occasional dark
readings and calibration readings from a standard light source. If thisg data

rate proves to be tco high, the azlmuth resolution cen be reduced.

This radiometer should have a fleld of view from the vehicle in which as
little solid angle as possible 1s obscured in the vertical (say, no more
than a cone of 30o diameter). Its environment should be at a constant temperature
(11° ) not above 300°K. If the temperature is not maintained constant it must
at least be measured (again * 1° K).

Nephelometer
The preliminary configuration is a short range low powes unit with an arc

light source. Because cf the low angle of the run and the downward view of the

receiver optics solar background interfereance iz conslderably reduced,

Further investigation will be made to determine if a ranging unit is feasibie
within the given allotment of welght, size, power and data output. A ranging unit
would be used to give an indication as to the horizontal homogeneity of the cloud
structure. The spacecraft TV cun obtein this homogeneity information for the top
of the clouds but no instrument other than the rang!ng nephelometer has been
found ic be suitable for obtaining this information from within the clouds.
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Cloud particle number-density and size

Individual particles will be detected, weaswi .3, and counted by optical means.
Two possibilities are under consideration; in both cases, the atmospherc must
stream through a tube attached to the probe. The first method is to illuminate
a small volume, and count fleshes due to 90o scattering by the particles traversing
the volume. The second, now under development, observes the shadows of the
particles against a fiber-optic detecting mosaic. This method is much more

tolerant of background light, hut the instrumentation is more complicated.

Cloud particle composition

A fundamental problem to be solved in a Venus atmosphere mission is that of
the chemical composition of the clouds. The method of choice for providing such
information is mass spectrometry. The mass spectrometer can accept and analyze
semples within a very broad range of chemical compositions and provide precise
results with microgram quantities of sample. No other single instrument having
this capability can reasonably be packaged in small p-obes along with several
other experimental systems. In addition to a gas-source mass spectrometer, which
can be used to analyze evaporated condensate from the cloud parti 1es, there must
be on board a solid-source mass spectrometer to analyze solid particles of the
clouds (or the solid portion remaining after evaporation) which may consist of
salts or minzral materials from the surface. It would be desirable to measure
masses in the range of 3 to 100 atomic mass units. Preliminary studies, though
they should not overlook other analytical techniques such as -ray backscattering,
should be concerned with developing terchniques for evaporating the sample at the
aource, Presently untreated rock minerals are analyzed .sing spark source mass
spectrometry. Perhaps bulky spark generating equipment can be modified to be
sultable size and power rating, or perhaps a laser beem can be used ‘o evaporate
samples in the source region. The presence of sample material in the beam could
be determined by measuring light scattered from the sample.

In order to obtain a sample of cloud particulate material in a form suitable
for instrumental aaalysis of the sort contemp.ated in the previous paragraph it
1s usually desirable to have the particles on or in a substrate or surface which
will not interfere with, skew, or decrease the sensitivity of the analysis.

The sampling techrnique which best seems to meet those requirements is inertial
deposition. A two or three stage cascade impactor seems most attractive
at present. Thus, some information concerning particle size ( péﬁ ) could be

obtained. Each stage or a portion thereof could be eventually transferred
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directly intc the s.urce of the mass specctrometer. Different portions of each
stage could be treated with different substrate material for particle retention.
Prior to introduction to the mass spectrometer the sample could (and should) be
introduced to an evaporat’on chamber in which condensate material can be
evaporated and the gases from this can be analyzed in the gas mass spectrometer.
The air stream between stages could be monitored with a photo-optical single
particle counter. This could give valuable information on the varlations of

particie concentrations in the sampled =air.

8ince the efficiency of each stage of the impactor will vary with air density,
proper operation will reg:‘ve a regulating device for the sampling pump. Studies
of the sampling system should consider the possibilities of using ultraclean
filters and possibly electrostatic precipitators for sample collection. The
meterial to be used for a back-up filter for the impactor will be of great
concern, as will be the choice of substrate materials. Design parameters such
a3 pumping rates, size of stages and Jjets will have to be decided based on

expected properties of the Venusian atmosphere,.

In summary, it 1is recognized that the principal problems to be faced in the
sempling and analysils of Venusian cloud particles are those pertaining to
collecting them in a proper ranner for their subsequent analysis and the method

of introduction of the material into the analyzing regions of the instrument
chosen.

Evaporimeter - condensimeter

A typical instrument comprises a light scurce illuminating a reflector and
the reflected image of the source being observed by a phototube. The refiector
is cycled over a wide temperature range while it is continuously bathed with
the gas which carries the coﬁdensible. At a pressure and temperature characteristic
of the particular condensible the condensible condenses on, cr evaporates from
the reflector, depending upon whether the reflector temperature is decreasing or
inereasing, and a change in light intensity is observed by the phototube. The
gas inlet to the reflector and all optical windows in contact with the condensible
must be heated w2ll above the ambient temperature in order to nrevent unwanted
condensation which would clog the inlet tube and cloud the illumination and
observation optical units. The opticel output should be sampled at time intervals
corresponding to small temperature changes of the reflector in order to
accurately identify the condensible. The gas sprayed on the reflector must be
dust free. Reflector temperature measurement and gas pressure measurements should
be made concurrently, if possible, with the optical measurements. Gas flecw
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must be sufficiently large to allow rapid sample change, but not so lerge as to

cause a reduction of the range of the temperature cycle by convective heat transfer.

Altitude and Drift Radar:

The purpose of this experiment is to measure horizontal and vertical winds
by redar techniques.

The altitude radar will comprise an FM, S-band unit with a maximum range of
6 k. Altitude meesurement error before telemetering will be 100 meters or less.
Descent rate error will be 10 cm/s or less. Counting techniques can ve employed
should smaller error in range and speed be desired.

The drift radar will comprise an X-band FM unit with maximum range of 6 km
end will look 30° down from the horizon. Without probe spin, or with spin periods
of 100 scconds or morz, measurement of probe drift requircs two radar units with
orthogonally directed look sngles. With probe spin periods of less than 100
seconds & singie radar unit is sufficient, but the probe must not spia too fast
ir low drift speeds are to be measurcd. Drift speeds of 2 em/s to 2 m/s yleld
X-band doppler frequency shifts of from 0.3 to 30 Hz.

Measurement of the smaller frequency requires counting of cycles for a mini-
mum time of 4 seconds, during which time the look direction of the redar should
not change by more than about 60°. Thus a spin .ate of 15°/e 1is satisfactory
for measuring drift epeeds as low as 2 cm/s.

The drift radar will be designed to detec. drift cpeeds of 2 em/s to 2 m/v
with an error of ¥ 1 cm/s after transmission. Range measurement by the drift
radar will assist in identifying surface physical features; range measurement
error before transmission will be less than 100 meters.

Optimization of the altitude and drift radar systems i1s closely relsted
to optimization of the entire large probe system and its instruments and is
proceceding in step with them.

Transponder:

The probe date transmission system will include a carrier transponder for
the purpose of measuring probe range and drift speed during descent. Probe
dcparture speeds will be measured to within ¥ 2 cm/s from Earth and a range uncer-
tainty of ¥ 2.5 in.
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Instrument

Accelerometers (L)

Pressure Gauges (5)
(switched)

Temperature Gauge
(Renge-Switched)

Neutral Particle
Mass Spectrometer
(1-90 amu)

Thermal Radiometer
Solar Radiometer
Nephelometer

Cloud Particle
(No., Density, Size)

Cloud Particle
Composition
(3~100 AMU)

Eveporimeter-
Condensimeter

Alt. Radar

Drift Radar

MCR~70-89 (Vol III)
TABLE 1.

Vol., Wt., Pover,
in.3 1bs. Watts
24 1.9 4.0
10 ¢.8 0.1
15 0.8 0.2
280 10 10-20
18 3 3
100 L 3
100 L 3
500% 8 10
500 20 50-60
70 2 10
50 3 18
50 3 18

*
including a tube, 1" dia., 15" long

B-11
INSTRUMENT SPECIFICATIONS
Sampling Word Words Bits
Interval, Size, Per Per
Metcrs Bits Samplc Sample:
(at = 0.2 10 L Lo
sec)
300 8 1 8
300 & 1l 8
1000 15 4o 600
100 T 2 14
1000 10 120 1200
100 8 2 16
100 10 8 80
7000 16 100 1606
1500 8 57 k56
Loo 7 1 7
150 8 6 48
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B. Section Document 131-04
Titan 11TC Launcu Vehiele Performance

For Venus Entry Micsion Siudy

General

Titan TIIC vehlclos will be equipped with a standard serodynamic fairing of
modular design, now being develop:d by McDonnell Douglas., The fairing ic a
ten fool diam:ter cylinder with a cone and hemisphere nose cap. Tobsl length
varies between 15 and 99 feet in Y-fool. increments. Sec attached Figure 1
for a sketch of the nose fairing end payload envelope. From a consideration
of the payload envelope volumes shown on sheet 2 of Figure 1, it appears that

the two smaller fairings are probably adequate for JPL missions.

Launch Operations Concept
The fairing as desipned does not Jend itself to encapsuleating the paylosd.
The launch oprrations concepl is as follows:

1. The payloud (spacecraft) is wade ready, placed on its adepter,
mounted on a truck and covered with a protective shroud (or
dummy fairing).

2. The payload s moved to the launch pad snd hoizted into the
Universal Fnvironmental Shelier (URS), wvhich is an erclose«d
space of the mobile service itowver.

3. The payload/adapter is mated to the Transtege at Station 77,
the protective shroua is removed, and the flight fairing is
installed.

The UES has platforms to allow work on the peyload, and although not a true

clean room, is airconditioned to 75 12 deg. ¥, 50% relative humidity maximun,

and maintalas o positive pressure differential of 1/L +41/8 in. water. Con-
ditioned air is avajlable for ihe peyload through an umbilical to the fairing
after fairing installatlion.

in-Flight Separation

The fatring splits Jongliudinally into “hree 120 deg. sections.
may

Separation
occur at anylime from 210 seconds after launch (payload option), within
the following vehiele flight consiraintis:

i
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Dynamic pressure: less than 1 psf
q « product: less than 15 lb-deg/ft2
Axial load factor: less than 4 g's

The mosl probable discrete separation times are 240, 280 and 300 seconds

after launch., The following dsla is sbstrocted from an acrodynamic healing

reference Lrajeclory.

Time (scc)  Altitude {feet)  Velocity {fps)  «(Degrees) Mach No.

210
2Lo
280
300

270,200 8,500 10.70 10.790
318,776 10,952 6.17 13.360
382,986 : 13,794 9.92 - - -
Loy, 281. 14,421 11.45 - - -

In the payload capabilitiy informalion which follows, the separation time
utilized is 280 scconds after launch.

Payload Capability

A curve of gross payload vs C. is shown on Figure 2. This paylosd curve is

3

to be correccted by the user as follows:

1.

Subtlract 9% of the fairing weight from the sross payload.
For launch azimuth of tho, subtract the payload equivalent
to one additional unit of C..

For launch azimuth of hSo, subiract the payload equivalent

1o 2.3 additional units of CB.

For each additional 10 scconds of fairing separation time past
280, subiract 17 1lbs. payload.

NOIE that the "net payload" which results from the above corrections

must include any mis.ion-peculiar or payload-peculiar items such as
Lthe spacccraft adapter,
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Figure 1. Titan III Payload ard Fairing Envelopes
(Sheet 1 of 2)
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Con.figuration L A B . c D E At Payload Envelope
Numbe r (in) (i (in)  (in)  (dn)  (@4n)  (1bs) Volume (ft3)
XX15 180 3 3 3 8l 8l 1213 741
XX20 2Lo 3 3 3 14 by 1440 1089
XX?5 300 3 3 3 14 20k 1668 1428
XX30 360 3 3.1 3.6 1k 264 1896 -

XX39 420 3 3.7 4.2 kY 324 2143 -
xxlo 480 3 4.3 4.8 1L 384 2370 -
Xxhs 540 3 %.9 5.4 1Ly Ll 2617 -
XX50 600 3 5.5 6.0 1Ly 504 28hs -
\
Figure 1. Titan ITI Payload and Fairing Envelopes
(Sheet 2 of 2)
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C. JPL Section Document 131-05

VENUS ENTRY HEAT SHIELD DESIGN REQUIREMENTS AND TECHNOLOGY LIMITS*

INTRODUCTION

For purposes of system study, the aerothermodynamic and heat chield
technology base is considered to be sufficliently established from previou.
efforts. Therefore, it is intended that the contractor expend only minimal
time on hypersonic capsule aerodynamics, heat transfer and heat shield weight
calculations. This is not to say that problems do not exist in these areas,
but rather to indicate that the technology is sufficiently well understood,
below an entry velocity .f 35,000 ft per sec, such that the resources of
this study can be better applied to the system aspects of the multi-probe
mission. This document supercedes any information given in the Description
of this document attached to JPL RFP No. GR-2-3971, 13 March 1969.

To provide a basis for selecting heat shield weights for a range
of entry and vehicle conditions, JPL has calculated heat transfer and heat
shield response. A summary of the methods used, results obtained, and the
relationship of the environment to the simulation availablz in ground test
facilities 1s presented. Conditions for possible exceptions to the heat
shield weights contained herein are also given.

If, after contiact initiation, the contractor requests additional
conditions to be calculated that are acceptable to JPL, such informatio:. will
be provided within a mutually agreed upon time span.

METHODS

The prediction of entry heat transfer utilized the procedures dig-
cusgsed in Ref. 1. The only change consisted of the addition of an approximate
radiation cooling correction based on Ref. 2.

Heat shield meterial response was calculated by use of the AVCO 1600
computer program (Ref. 3). The thickness of material required as heat shield
was defined as that depth (of a much thicker layer) which was predicted to have
a pcak in the temperature-time history equal to 600°F. This type of curve thus
represents an equivalent bondline temperature-time history.

Factors of safety were obtained by allocating uncertainty limits to
both heat transfer and heat shield related parameters, and subsequently per-
forming an error analysis (Ref. 3). This analysis indicated that the resultant

*For use with JPL Contract No. 952534, Martin Marietta Corp.
#*Revised in accordance with terms of this document and Technical Direction
Memorandum No. 3 dated 10/3/69.
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safety factor for both AVCOAT 5026-39/HC-G and X6300 Carbon Phenolic is™
nbout 1.5, so that for these materials this value was used for all resul%s
of this document. In addition, a manufacturing tolerance of " 02 inches
was added arithmetically at all body locations, after application of the
above safety factors. For the X6300 Csrbon Phenolic a heat of pyrolysis
as low as 300 BTU/1b was utilized.

NOTATION
A maximum cross-sectional area of entry vehicle
A forebudy surface area of entry vehicle
c drag coefficient
D diameter of entry vehicle
M mass of entry vehicle
qR radiative heating rate
RN nose radius

entry velocity at 815,000 ft altitude (V=3 Venus atmosphere,
NASA SP-8011)

W total forebody heat shield weight

W, total entry vehicle weight

Yp entry path angle at 815,000 ft altitude
density of virgin ablative material

6 thickness of heat shield prior to eblation

T aerodynamic shear in absence of ablation
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Subscripts st, J, and sh as shown

N —

constant

linear

— 8D —

RESULTS

A tabulation of conditions investigated and a summary of results
are given in Table 1 for a 60° half-angle blunted cone of various nose
radii. In addition, half-cone angles of 45° and 30° with one-foot nose
radii were investigated for the nominal cases indicatedrin Table 1. All

of these results have the safety factors and manufacturing tolerance in-
cluded. '

To assens the effect o different materials than considered in
Table 1, three additional ones presented in Table 2 were investigated for the
entry conditions shown. Although AVCOAT 5026-39/HC-G yields the lowest weight

per unit area for the stagnation point, shear strength might dbe a controlling
factor in material selection.

Jypical cold-wall heat transfer time histories are shown in Fig. 1.
Velocities of 40,000 and 4,000 ft/sec are shown for comparison purposes only.

Typical dynamic pressure and heat shield temperature time histories
are shown in Fig. 2. It is seen that the meximum imposed load occurs well
before peak bondline temperature, indicating that the critical stress for
the seroshell structure may occur after peak dynamic pressure in some cas.s.

Figures 3 through 12 represent two families of heat shield graphs
corresponding to Tuble 1: figures 3 through 7 giving total heat shield veight
per unit forebody surface area (w/AB) as a function of entry sngle, dallistic
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coe{ficient and hnse diameter as independent paremeters; and figures 8 through
12 giving heat shield weight per unit entry vehicle weight as a function of
the sume ihree varameters. Curves for 44,000 ft/sec entry velocity are ghLown
tfor compurison purposes only.

Figures 15 and 14 show the effect of half-cone angle on weight frac-
tion and unit weight for fixed conditions except for entry mass, M. The latter
/ is indicated on figure 13 to drop with decrecasing haif-cone angle as a
result of decreasing drag coefficient. A drop in entry weight could be un-
acceptable on an absclute peyload basis so that either an increase in size

or M/CpA (requiring a decrease in Yg) would be needed with decreasing cone
angle.

Meximum aerodynamic shear tabulated in teble 1 is plotted in figures
15 and 16 as a function of entry angle and base diameter, respectively. This
should ernable the contractor to select a material on a shear level basis.

Figure 17 shows the relationship of the stagnation point environ-
ment for a on.-foot nose radiuc, spherically-blunted cone entering at 36,000
ft/sec, to capabilities of NASA ground-test facilities assuming flat-{aced
models. Convective heating rate 1s shown as & function of stagnation pressure,
with radiative heating rate in effect normal to the page. It is appar<snt from
this plot that full simulation evern for en M/CpA = 0.6 and vp = -45° 1s diIfi- ok
cuit to achieve because of the radiative heating level. This circumstance
could be alleviated by reducing nose radius and /or entry velocity of the probe.

EXCEPTIONS

Luring the study the contractor may adjust the heat shielu weight
figures 1f the contractor provides justification, &cceptable to JPL, on the
basis of:

[}
1. Demonstrable uncertainties in heat transfer or heat shield
prediction techniques.

2. The need for scaling to body sizes or shapes ror which data
is not provided. v

3. Use of other materials.

.
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TABLE 2. COMPARISOMN OF PEKFOFMUAHNCE Of TVPICAL HEAT SHITLD MATERIALS (M/G,A-o.bj
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A. TECHNICAL DIRECTIVE MEMORANDUM 1, DATEL 9/17/69

The Study Plan presented by the Contractor to JPL on Sept.

10-11 is hereby approved provided the plan 18 modified on conform
to the following:

1.

Because of a concern by JPL that problem identification re-
sulting from task 8 (Entry Probe synthesis) may occur too late
in the schedule to permit corrective actions, it is recommend-
ed that a trial probe synthesis be initiated in the fourth
week of the study. This trial case is defined as one combina-
tion of instrumented probes and selected target sites. The
particular combination will be recommended by the Contractor
not later than Sept. 19 and approved by JPL not later than
Sept. 23.

A meeting will be held to obtain a report on the trial case;
said meeting to be called by JPL with time and place by mutual
agreement with the Contractor, except that it shall occur
about one half way to the mid term orsl report date.

The breadth of the tasks need to be narrowed somewhat ecarlier
than shown in the study plan in terms of the number of possi-
ble sclence/probe combinations. To aid in this regard, JPL
is providing the Contractor with science priorities as fol=-
lows:

Priority 1 - Composition and distribution of the clouds.

Priority 2 - Atmospheric circulation from just above the
cloud layer and below.

Priority - Vertical structure of atmosphere, particularly
in regions not covered by Venera's 4, 5, and 6.

Priority 4 - Upper Atmosphere.

These priorities are not intended to be used as a basis for
excluding any of the science objectives or instruments speci-
fied in the Work Statement.

Considerations of buoyant stations (i.e., balloons) in this
study are to be limited to utilizing existing preliminary de-
signs and other existing related information such as tracking
techniques. For use in determining atmospheric circulation,
the buoyant station must be applicable to the region from just
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above the cloud layer aand below. In terms of pressure, the
region of strongest interest corresponds to about 200 mb ~nd
above.

Landiny site limitations resulting from communications, power,
and data return conslderatlions is an important facet of tuis
study and should be clearly ldentified at an early date.

It 18 recommended that detailed design of the terminal descent
capsule(8), as well as other hardware i{tems, be avoided, al-
though sufficient analysis to obtain conceptual designs, rec-
ommend alternative approaches where appropriate, and identify
problem areas is clearly required by the Work Statement.

Although not required by the Work Statement, the use of a Mis-
sion Effectiveness Model is acceptable to JPL insofar as it

is used as a logical means of zomparing alternate system de-
signs and instrument mechanizations. The technique should

not be used for re-evaluating the science mission relative

to alternate ones.

It is recognized that a number of questions regarding the de-
termination of heat shield weights remain to be resolved. It
is recommended that the Contractor continue its effort, to-
gether with JPL, to resolve these questions. A separate

TDM will be written to cover this area in more detail. From
the meeting discussions, it is mutually understood that the
Contractor will not be inhibited from performing the tasks

of the Study Plan 1f the major questions are resolved by
Sept. 25.
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5. TECHNICAL DIRECTIVE MEMOPANDuUM 2, DATED 9/29/69

This TDM relates to two subjects - 1) Venus atmospheric mod-

ts, and 1 cae 2f supersonic Jeosleratons.

1) As called for in the Statement of Work the contractor has
submitted a recommended range of atmospheric models (MCR-69-48%,
part I) for consideration by JPL. JPL hereby approves the recom-
mendations with the following comments and exceptions:

a. The limiting atmospheric models should consist of the
MMC-Lower and V5M tabulations, except that the sur-
face conditions for MMC-Lower should be consistent
with a mean surface radius (Ro) of £330 + 5 km. These

conditions result in an approximate surface pressure
range of 70 to 125 bars for MMC-Lower, compared to the
150 bars for V5M.

b. Since the V5M model, based on NASA SP-8011, appears
high In pressure with respect to the Mariner 5 occul-
tation data and the recent models published by Avduev-
sky, et al (Venera 5 and 6), it 18 recommended that
the RU be limited to 6050 km and that no isothermal

models be ~onsidered in connection with model V5M.
This latter condition results in a disapproval of the
contractor's recommendation for use of model V5/ISO.

¢. An isothermal lower atmosphere at about 620°K should
be considered in connection with the MMC-Lower model.

d. Consistency with items 1)a, b, and ¢ above results in
the following approximate surface conditions for trade-
off of subsystem design penalties in regard to a ter-
rinal descent capsale (Po = surface pressure, To =

surface temperature):

ATM Model R (km) Pogfbars) ?n (°K)
MMC-Lower 6045 125 803
MMC~Lower (IS9) 6050 106 618
MMC-Lower (ISO) 6045 150 618

V5M 6050 150 755
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2) The contractor has brought up the question of supersonic
auxiliary decelerators for use in this study. JPL hereby provides
the following guidelines:

a.

The contractor should consider designs and flight con-
ditior.s consistent with multiple, successful flight
tests of similar designs. Military, as well as NASA
experience, should be considered.

The Final Englneering Report should include technical
information covering at least the followlng in regard
to any auxiliary decelerators that the contractor pro-
poses: (1) test experience, (il) type of qualifica-
tion, if any {(e.g., man rated), (I1iil) test program re-
quirements for the baseline misslon of thls study,
(iv) sterilization constraints consistent with the
Statement »f Work, Acrt. 1, part (b) (4) (D).
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C. TECHNICAL DIRECTIVE MEMORAND:IM =, DATED 10/3/69

The followlng 1tems relating to heat shield deslgn are covered
In this THM: 1) heat protectlon of the afterbody, 2) forebody
heat ghield welghts, 3) test-facility limitetiong, 4) ejection of
aeroshell, and 5) aerodynamic shear and pressurc gradlent,

1) Afterhody heat protection was not intended to be included in
the JPL heat shield weights of section document 131-05. This
is because the heat protectiun required depends on back cover
configuration and structural materials, neither of which are
specified In the contract,

2) The forebody heat shield weights of section document 131-05
have been revised under conditions and exceptions spec.fied
therein, and as discussed between JPL and the contractor. The
revised weights and explanatory irformation have been sent
under separate cover on 2 October to meet the time scale oral-
ly agreed upon on 24 September.

%) 1t 18 recognized that the NASA ground-test capability for heat
shield matevrials is ilnadequate to simulate the heat transfer
rates corresponding to conditions in table 1 of section docu-
ment 131-05. The contractor should keep aware of this circum-
stance but not be constrailned on that basis alone f{rom pro-
posing entry and vehicle characteristics that result in heating
conditions exceeding facility capabilities. These cases, when
desirable from other mission considerations, should be recog-
nized as Iimplying higher risk, and the Final Engineering Re-
port shoutd so spe~ify. JPL will add additional calcuiation
results to figure 14 (to be figure 17 in revised section docu-
ment 131-05) in order to aid the contractor in this regard.

4) Consideration of aeroshell ejection at the time of an auxiliary
decelerator deployment is acceptable to JPL within the guide-
lines for auxiliary decelerators given 1in item 2) of TDM No. 2.
A method of accomplishing the aeroshell ejection (l.e., separa-
tion from the terminal descent package) should be shown 1in the
applicable configiration drawings and briefly described in the
Final Engineering Report.

5) Maximum aerodyuamic shear has been calculated by equation 5,
page 3-156 of the AVCO Venus Probe Study, Book I, and presented
in tabular and graphical form in the transn.ttal of 2 October.
This information should enable the contractor tc select a ma~
terfal on a shear level basis. For the effect of pressure
gradient it is not evident from the AVLO report (book II, pp.
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4-249, 250) that the effects are well understund or that they
are applicahle to materials other than Avecat 5026-39/HC~
such as X-6300 carbon phenolic. The comments made on page
3-73 of AVCU Book I suggest that ‘he problem 1s primarily re-
lated to a low density heat shiclud ablator jecause of the
lack of information, the centraccor may wisl toe sclect large
nose radii for probes appropriate to the use of Avcoat 5N26-
39/HC-G ablator material, although the difficulty tn simulat-

ing the stagnation point radiative heating envirom.nt is [

accentuated.
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D. TECHNICAL DIRECTIVE MEMORANDUM 4, DATED 10/20/69

(Pursuant to rcview of the first
Monthly Progress Report and additional discussions)

1. Regarding the trial probe synthesis, the Contractor should
continue his efforts to define subsystem and system requirements,
with particular emphasis toward mechanizing the communication link
and on-board data handling system needed to return the information
resulting from the combination of instrumented probes selected.
This mechanization will include: 1) evaluating the compatibility
of the DSN with the data rates, number of probes, and timing in-
volved, 2) quantifying the performance of the selected radio sys-
tems as affected by the probe configurations and probe locations
at Venus, and 3) establishing limits of probe-axis misalignment
with the descent trajectory beyond which data return would be
significantly degraded.

2. 1In utilizing JPL Document No. €11-1 for tracking and ground
data system capability, it 1s expected that the Contractor will
identify problem areas and suggest improvements that would be of
particular benefit to the mission defined in this contract.
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A. LIST OF OBSERVABLES

Determine the planetocentric radius (or altitude above a ref-
erence sphere) of the probe during the subsonic portion of
its descent.

Determine the planetocentric radius of the probe during the
supersonic/hypersonic portion of its descent.

Determine a pressure-temperature reference for the probe.

Identify the ionic species present in the upper atmosphere,
and determine their number density profiles.

Identify the neutral gas constituents in the upper atmosphere,
and determine their number density profiles.

Determine the electron number density and electron tempera-
ture profiles in the upper atmosphere.

Determine the UV radiztion flux profiles at several wave-
lengths.

Determine the number densities and sizes of any cloud or haze
particles versus altitude above the main cloud top.

Determine the wind shear profiles above and through the tops
of the main cloud deck.

Determine the composition of any cloud or haze particles above
the main cloud tops.

Determine pressure, temperature, and density profiles from
above the clouds to the surface over several widely separated
points on planet.

Identlfy the minor atmospheric constituents, and determine
their number density profiles.

Determine the precise ('0.5%) concentration of CO, at several
altltudes between cloud tops and surface.

Determine the abundances and isotopic ratios of the rare
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Locate the top of the visible cloud layer with respect to
pressure, temperature, and radius over several widely sepa-
rated points on the planet.

Locate (with respect to pressure, temperature, and radius)
and determine the vertical extent of all cloud layers between
the surface and cloud tops.

Determine the chemical composition of the cloud particles
in each cloud layer.

Determine the number density and size distribution of the
cloud particles versus altitude within each cloud layer.

Determine the physical state (liquid, solid) of the cloud
particles versus altitude in each cloud layer.

Determine the visible radiation fluxes (direct, diffuse) at
several wavelengths versus altitude over several widely sep-
arated points on the light side.

Determine the upward and downward thermal IR radiation fluxes
at several wavelengths versus altitude over several widely
separated points on the planet.

Determine the general circulation pattern of the atmosphere
at several altitudes.

Determine the horizontal and vertical wind profiles near the
subsolar and antisolar points and a pole.

Cetermine the magnitude and frequency spectrum of the turbu-
lence versus altitude near the subsolar, polar, and antisolar
points.

Search for transient light phenomena during descent.

o i~
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I3, SCIENCE QUESTIONS

SCIENCE QUESTION 0.1

Determine the planetocentric radius (or altitude above a reference sphere) of the
probe during the subsonic portion of its descent.

APPLICABLE INSTRUMENTS Proportion of Contribution
Altitude Radar Or 1.0

With no radar but a radar-pressure correlation on

another probe and pressure measurement on this probe Or 0.9

With no radar and no radar-pressure correlation on

another probe but with pressure on this probe 0.2

SUPPORTING MEASUREMENTS If missing, reduce value to:

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Padius (km)

s o~

6130 0.5 6050

CUMULATIVE VALUE PROFILE APPLICABLE  c-2 3

PRIMARY TARGETS

Targets Are: Not applicable

Proportion of Total Value Determined by Primary Targets:
Use Target Curve

Use Summation Scheme

SECONDARY TARGETS

Targets Are: Not applicable

Use Target Curve

Use Linear Accumulation Rate of:
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SCIENCE QUESTION 0.2

Determine the planctocentric radius of the probe during the supersonic/
hypersonic portion of its descent.

APPLICABLE INSTRUMENTS Proportion of Contribution

Accelerometer 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to: -
Low Altitude Reference 0.5

High Altitude Mass Spectrometer 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6200 0.5 6130

‘CUMULATIVE VALUE PROFILE APPLICABLE  C-1

PRIMARY TARGETS
Targets Are: Not applicable
Proportion of Total Value Determined by Primary Targets:
Use Target Curve

Use Summation Scheme |

SECONDARY TARGETS

Targets Are: Not applicable !

Use Target Curve

Use Linear Accumulation Rate of:
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SCIENCE QUESTION 0.3

Determine a pressure~temperature refercnce for the probe.

APPLICABLE INSTRUMENTS Proportion of Contribution
Pressure and Temperature 1.0
. SUPPORTING MEASUREMENTS If missing, reduce value to:

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)

Not applicable

s THLARRw

CUMULATIVE VALUE PROFILE APPLICABLE  None

xtien

R

PRIMARY TARGETS
Targets Are: Not applicable

Proportion of Total Value Determined by Primary Targets:

G P ST e g

Use Target Curve

S

Use summation Scheme

SECONDARY TARGETS

Targets Are: Not applicable

Use Target Curve

LI T T ——

Use Linear Accumulation Rate of:

L3S

L

g




Dw6 MCR~-70-89 (Vol I11)

SCIENCE QUESTION 1

ldentify rthe lonic speciles present in the upper atmosphere, and determine their
number density profiles.

APPLICABLE INSTRUMENTS Proportion of Contribution
fon Mass Spectrometer 0.714

UV Photometer 0.286

SUPPORTING MEASUREMENTS If missing, reduce value to:
High Altitude Reference 0.5

Electron Number Density (Question 3) 0.8

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6300 10 6250 5 6150

CUMULATIVE VALUE PROFILE APPLICABLE C-3

PRIMARY TARGETS
Targets Are: Subsolar
Proportion of Total Value Determined by Primary Targets: 0.8
Use Target Curve P-1

Use Summation Scheme PAR = 2

SECONDARY TARGETS
Targets Are: Any other lightside area

Use T-rget Curve s-1

Use Linear Accumulation Rate of: 0.333

T i ottt o
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SCIENCE QUESTION 2

Identify the neutral gas constlituents in the upper atmosphere, and determine
thelr number denslity profiles.

APPLICABLE INSTRUMENTS Proportion of Contribution
High Altitude Mass Spectrometer 0.714

UV Photometer 0.286

SUPPORTING MEASUREMENTS If missing, reduce value to:
High Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6300 e 6250 5 6150

CUMULATIVE VALUE PROFILE APPLICABLE  c-3

PRIMARY TARGETS
Targets Are: Subsolar point :
Proportion of Total Value Determined by Primary Targets: 0.9
Use Target Curve p-2

Use Summation Scheme pAR = 2

§ SECONDARY TARGETS

Targets Are: Any lightside area

Use Target Curve -1

Use Linear Accumulation Rate of:. 0.333
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SCIENCE QUESTION 3

Determine the electron number density and electron temperature profiles in the
upper atmosphere.

APPLICABLE INSTRUMENTS Proportion of Contribution
ILlectron Temperature and Density Probe 1.0

SUPPORTING MEASUREMENTS [f missing, reduce value to.
High Altitude Reference 0.5

Ion Number Density Profile (Question 1) 0.8

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius km) :
6300 1G 6250 5 6150 f

e b

CUMULATIVE VALUE PROFILE APPLICABLE c-3

PRIMARY TARGETS
Targets Are: Subsolar
Proportion of Total Value Determined by Primary Targets: 0.8
Use Target Curve p-1 ° {

Use Summation Scheme PpAR = 2

SECONDARY TARGETS

Targets Are: Any lightside area

Use Target Curve s-1

U.e Linear Accumulation Rate of: 0.333




MCR-70-89 (Vol Ill) D-4

SCIENCE QUESTION 4

Determine the UV radiation flux profiles at several waveclengths. L
APPLICABLE INSTRUMENTS Proportion of Contribution
UV Photometer 1.0

T
SUPPORT ING MEASUREMENTS If in1ssing, reduce value to:
High Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

; Radius (km) Interval (km) Radius (km) Interval (km) Radius (km) 3
6300 10 6250 5 6150

i CUMULATIVE VALUE PROFILE APPLICABLE cC-4

VU PP IORSRRNPA R SR

PRIMARY TARGETS
Targets Are: Subsolar point

: Propor .ion of Total Value Determined by Primary Targets: 0.75
; Use Target Curve P-3

Use Summation Scheme PAR = 2

SECONDARY TARGETS
Targets Are: Near terminator
Use Target Curve §-2

Use Linear Accumulation Rate of: 0.233
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SCIENCE QUESTIGN 5

Determine the number deasitiez and sizes of any cloud or haze particles versus

altitude above the main cloud top.

APPLICABLE INSTRUMENTS
Cloud Particle Number, Density, and Size 1.0

SUPPORTING MEASUREMENTS
High Altitude Reference 0.5

Pressure-Temperature Reference 0.9

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km)

6150 1 6120

CUMULATIVE VALUE PROFILE APPLICABLE  c-5

PRIMARY TARGETS
Targets Are: Lightside
Proportion of Total Value Determined by Primary Targets:
Use Target Curve P-4

Use Summation Scheme PAR = 2

SECONDARY 1/ RGETS
Targets Are: Darkside
Use Target Curve §-3

Use Linear Accumulation Rate of: 1.0

0.6

Proportion of Contribution

If missing, reduce value to:

Radius (km)
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SCIENCE QUESTION 6
Détermine the wind shear profiles above and through the tops of the nuin

cloud deck.

APPLICABLE INSTRUMENTS Proportion of Contribution
Accelerometers 0.5

SUPPORT ING MEASUREMENTS If missing, reduce value to:
Time Reference 0.4

Pressure 0.8

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6150 0.5 6110

CUMULATIVE VALUE PROFILE APPLICABLE C-6

preseson e

PRIMARY TARGETS
Targets Are: Subsolar
Proportion of Total Value Determined by Primary Targets: 0.5

Use Target Curve P-5

i s A A v Acabir b il T b saas P i b o i

Use Summation Scheme PAR = 2

SECONDARY TARGETS
Targets Are: Equatorial terminators, pole, and antisolar point

Use Target Curve S-4

Use Linear Accumulation Rate of: 0.25
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SCIENCE QUESTION 7

Determine the composition of any cloud or haze particles above the main

cloud tops.

APPLICABLE INSTRUMENTS Proportion of Contribution
Cloud Particle Composition 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
High Altitude Reference 0.8
Pressure-Temperature Reference 0.7

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)

6150 1 6120

CUMULATIVE VALUE PROFILE APPLICABLE C-5

PRIMARY TARGETS
Targets Are:  Lightside
Proportion of Total Value Determined by Primary Targets:
Use Target Curve p-4

Use Summation Scheme PAR = 2

SECONDARY TARGETS
Targets Are:  Darkside
Use Target Curve §s-3

Use Linear Accumulation Rate of: 1.0

0'6
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SCIENCE QUESTION g

Determine pressure, temperature, and density profiles from above the clouds to
the surface over several widely separated points on planet.

APPLICABLE INSTRUMENTS Proportion of Contribution
Pressure Sensors 0.4
Temperature Sensors 0.4

Mass Spectrometer to Give Value for Mean Molecular Weight 0.2
SUPPORTING MEASUREMENTS If missing, reduce value to:

Low Altitude Reference 0.2

REQUIRED MEASUREMENT INTERVAL

i Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
B 6130 0.5 6050

. CUMULATIVE VALUE PROFILE APPLICABLE c-7

{ PRIMARY TARGETS

Targets Are: gybgolar, polar, and antisolar

Proportion of Total Value Determined by Primary Targets: 0.9

b 2 T R L St w b

Use Target Curve p.g

Use Summation Scheme paRr = 3

IRz sanr, 1 100

SECONDARY TARGETS

Targets Are: Between primary targets

Use Target Curve g_s

Use Linear Accumulation Rate of: .5
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SCIENCE QUESTION 9

Identify the minor atmospheric constituents, and determine their number
density profiles.

APPLICABLE INSTRUMENTS Proportion of Contribution
Mass Spectrometer 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
Pressure 0.8

Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6130 1.0 6050

CUMULATIVE VALUE PROFILE APPLICABLE c-8

PRIMARY TARGETS
Targets Are: Subsolar, polar. and antisolar
Proportion of Total Value Determined by Primary Targets: 0.9
Use Target Curve p-6 {

Use Summation Scheme  PAR = 3

' SECONDARY TARGETS

Targets Are: Between primaries

Use Target Curve  g-5 | b

Use Linear Accumulation Rate of: 0.5
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SCIENCE QUESTION 10

Determine the precise ('0.5%) concentration of CO, at several altitudes
between cloud tops and the surface.

APPLICABLE TNSTRUMENTS Proportion of Contribution
Mass Spectrometer 1.0

SUPPORTING MEASUREMENTS [f missing, reduce value to:
Low Altitude Reference 0.5
Pressure-Temperature Reference 0.8

- REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6130 20 6050

B

CUMULATIVE VALUE PROFILE APPLICABLE C-8

e o S s

e

PRIMARY TARGETS

Targets Are: Subsolar, polar, and antisolar

. S e e ne ¢

Proportion of Total Value Determined by Primary Targets: 1.0
Use Target Curve P-6

Use Summation Scheme PAR = 3

SECONDARY TARGETS g
Targets Are: None

Use Target Curve

Use Linear Accumulation Rate of:
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SCIENCE QUESTION 17

Determine the abundances and 1isotopic ratios of the rare gases, e.g.,
Nezo, Nezz, A36, A38, A“°, etc.

APPLICABLE INSTRUMENTS Proportion of Contribution

isotope ratios require special mass spectrometer
not available in RFP instrument list.

Abundance of N, N, A, K can be found with available

neutral particle mass spectrometer 0.5
SUPPORTING MEASUREMENTS If missing, reduce value to:
0.8

Pregssure-Temperature Reference

REQUIRED MEASUREMENT JNTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6130 20 6050

CUMULATIVE VALUE PROFILE APPLICABLE C-8

PRIMARY TARGETS

Targets Are: Any target

Proportion of Total Value Determined by Primary Targets: 1.0

Use Target Curve P-7

Use Summation Scheme PAR = 2

SECONDARY TARGETS

Targets Are: None
Use Target Curve

Use Linear Accumulation Rate of:
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SCIENCE QUESTION 12

Locate the top of the visible clouds wlith respect to pressure, temperature, and
radius over several widely separated points on the planet.

APPLICABLE INSTRUMENTS Proportion of Contribution
Nephelometer 0.5

Pressure Sensor 0.3

Temperature Sensor 0.2

SUPPORTING MEASUREMENTS [f missing, reduce value to:
Low Altitude Reference 0.2

REQUIRED MEASUREMENT INTERVAL

¢ Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
' 6130 0.5 6110

CUMULATIVE VALUE PROFILE APPLICABLE c-9

G ey p B ae s - o

PRIMARY TARGETS
Targets Are: Subsolar, polar, and antisolar

Proportion of Total Value Determined by Primary Targets: 0.8

Use Target Curve P-6

P

Use Summation Scheme PAR = 3

SECONDARY TARGETS

Targets Are: Between primary targets

Use Target Curve §-5

Use Linear Accumulation Rate of: 0.5
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SCIENCE QUESTION 13

Locate (with respect to pressure, temperature, and radius) and determine the
vertical extent of all cloud layers between the surface and the cloud tops.

APPLICABLE INSTRUMENTS Proportion of Contribution
Nephelometer 0.8

Thermal Radiometer 0.2

SUPPORTING MEASUREMENTS If missing, reduce value to:
Pressure-Temperature Reference 0.5

Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6110 0.5 6050

CUMULATIVE VALUE PROFILE APPLICABLE cC-10

PRIMARY TARGETS
Targets Are: Subsolar, polar, and antisolar
Proportion of Total Value Determined by Primary Targets: 0.9
Use Target Curve pPp-6

Use Summation Scheme PAR = 3

SECONDARY TARGETS

Targets Are: Between primary targets
Use Target Curve s-5

Use Linear Accumulation Rate of: 0.5
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SCIENCE QULSTION 14

Determine the chemlcal composltion of the cloud particles In each cloud layer.

APPLICABLE INSTRUMENTS Proportion of Contribution
Cloud Particle Composition 1.0

SUPPORT ING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.5
Pressure-Temperature Reference 0.2

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval {km) Radius (km) Interval (km) Radius (¥m)
6130 5.0 6115 2,0 6050

CUMULATIVE VALUE PROFILE APPLICABLE cC-11

AT Aot o S ORI o -

PRIMARY TARGETS

Targets Are: Subsolar, polar, and antisolar

Proportion of Total Value Determined by Primary Targets: 0.9

Use Target Curve P-6

Use Summation Scheme PAR = 3

é SECONDARY TARGETS

Targets Are: Between targets

Use Target Curve S-5

Use Linear Accumulation Rate of: 0.5
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SCIENCE QUESTION 15

Determine the number denslty and size distribution of the cloud particles versus
altltude wlthin each cloud layer.

APPLICABLE INSTRUMENTS Proportion of Contribution
Cloud Particle Number, Density, & Size 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6120 0.5 6050

CUMULATIVE VALUE PROFILE APPLICABLE C-10

PRIMARY TARGETS

Targets Are:  Subsolar, polar, and antisolar

e s o

Proportion of Total Value Determined by Primary Targets: 0.90
Use Target Curve P-6

Use Summation Scheme PAR = 3

SECONDARY TARGETS

Targets Are: Between primary targets
Use Target Curve s-§

Use Linear Accumulation Rate of: 0.3
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SCIENCE QUESTION 16

Determine the physlical state (liquld, solid) of the cloud particles versus
altitude in each cloud layer.

APPLICABLE IRSTRUMENTS Proportion of Contritution
Evaporimeter-Condensimeter 0.75

SUPPORT INis MEASUREMENTS If missing, reduce value to:
Pressure-Temperature Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radiu~ (¥m)
6120 0.5 6050

CUMULATIVE VALUE PROFILE APPLICABLE c-11

PRIMARY TARGETS
Targets Are:  Subsolar, poclar, and antisolar
§ Proportion of Total Value Determined by Primary Targets: 0.9
i Use Target Curve P-6

Use Summation Scheme PAR = 3 3

SECONDARY TARGETS
Targets Are: Between primary targets

Use Target Curve S-5

Use Linear Accumulation Rate of: 0.5

[ o)
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SCIENCE QUISTION 17

Determine the vislble radlation fluxes (direct, dlffuse) at several wavelengths
versus altitude over several widely separated polnts on the light side.

APPLICABLE INSTRUMENTS Proportion of Contribution
Visible Radiometer (Solar) 1.0

SUPPORT ING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Raaus (km)
6130 1.0 6050

CUMULATIVE VALUE PROFILE APPLICABLE c-8

PRIMARY TARGETS

Targets Are: Sunsolar, evening terminator, morning terminator, and pole
Proportion of Total Value Determined by Primary Targets: 1 g
Use Target Curve p_g

Use Summation Scheme PAR = 3

SECONDARY TARGETS
Targets Are:  None
Use Target Curve

Use Linear Accumulation Rate of:
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SCIENCE QUESTION 18

Determine the upward and downward thermal IR radiation fluxes at several
wavelengths versus altitude over several widely separated points on the planet.

APPLICABLE INSTRUMENTS Proportion of Contribution
Thermal Radiometer 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius {km) Interval (km) Radius (km) Interval (km) Radius (km)
6130 0.5 6050

CUMULATIVE VALUE PROFILE APPLICABLE c-8

SPRPEON

PRIMARY TARGETS
Targets Are:  Subsolar, polar, and antisolar

Proportion of Total Value Determined by Primary Targets: 0.9

Use Target Curve P-p

Use Summation Scheme PAR = 3

SECONDARY TARGETS
Targets Are: Between primary targets

Use Target Curve S-5

Use Linear Accumulation Rate of: 0.5
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SCIENCE QUESTION 19

Determine the general clrculatlon pattern of the atmosphere at several altitudes.

APPLICABLE INSTRUMENTS Proportion of Contribution

BVS with transponder plus any additional
instrumentation required to locate positior

on planet 1.0
SUPPORTING MEASUREMENTS If missing, reduce value to:
Pressure-Temperature Reference 0.8
Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)

CUMULATIVE VALUE PROFILE APPLICABLE ¢-12

PRIMARY TARGETS
Targets Are: Subsolar, poiar, and antisolar
Proportion of Total Value Determined by Primary Targets: 0.75
Use Target Curve pP-9

Use Summation Scheme PAR = 2

SECONDARY TARGETS
Targets Are: Between primary targets
Use Target Curve S-7

Use Linear Accumulation Rate of: 1.0
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SCIENCE QULSTION 20

Determine the horizontal and vertlcal wind profiles near the subsolar and

antlsolar polnts and a pole.

APPLICABLE INSTRUMENTS

Accelerometers
Transponder

Drift Radar

SUPPORTING MEASUREMENTS
Low Altitude Reference

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km)
6130 1

CUMULATIVE VALUE PROFILE APPLICABLE

PRIMARY TARGETS

Targets Are:

Proportion of Contribution
0.25

0.5
0.25

If missing, reduce value to:
0.5

Radius (km)
6050

Interval (km)

Radius (km)

Cc-13

Subsolar, polar, and antisolar

Proportion of Total Value Determined by Primary Targets: 0.9

Use Target Curve p-9

Use Summation Scheme

SECONDARY TARGETS
Targets Are:

Use Target Curve s-5

Use Linear Accumulation Rate of:

oo i

v v

i et !& N
) ‘1

PAR = 3

Between primary targets

0.5
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SCIENCE QUESTION o1

Determine the magnitude and frequency spectrum of the turbulence versus
altitude near the subsolar, polar, and antisolar points.

APPLICABLE INSTRUMENTS Proportion of Contribution
Accelerometers 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.5

REQUIRED MEASUREMENT INTERVAL

Radius (km) Interval (km) Radius (km) Interval (km) Radius (km)
6130 1.0 6050

CUMULATIVE VALUE PROFILE APPLICABLE c-13

PRIMARY TARGETS
Targets Are: Subsolar, polar, and antisolar
Proportion of Total Value Determined by Primary Targets: 0.9 !
Use Target Curve p-9

Use Summation Scheme pAR = 3

SLCONDARY TARGETS

Targets Are: Between primary targets

Use Target Curve s-5

Use Linear Accumulation Rate of: 0.5
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SCIENCL QULSTION 22

Scearch for transicent light phenomena during descent

APPLICABLL ITHSTRUMLNTS Proportion of Lontribution
Solar Radiometer 1.0

SUPPORTING MEASUREMENTS If missing, reduce value to:
Low Altitude Reference 0.75

REQUIRED MEASUREMENT INTERVAL

; Radius (k) Interval (km) Radius (km) Interval (km) Radius (km)

; 6110 1.0 6050

% CUMULATIVE VALUE PROFILE APPLICABLE C-11 §
g

g

; PRIMARY TARGETS

% Targets Are: Any target i
E Proportion of Total Value Determined by Primary Targets: 0.0

t

; Use Target Curve p-7

Use Summation Scheme -

SECONDARY TARGETS

Tar‘gets Are: Any target

Use Target Curve s-8

. mmmw‘w»w LN

Use Linear Accumulation Rate of: 0.5
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CUMULATIVE VALUE PROFILE C-1
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CUMULATIVE VALUE PROFILE C-2
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MCR-70-89 (Vol III)

CUMULATIVE VALUE PROFILE C-4
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CUMILATIVE YALUE PROFILE C-6
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CUMULATIVE VALUE PROFILE C-9
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CUMULATIVE VALUE PROFILE C-10
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CUMULATIVE VALUE PROFILE C-11
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CUMULATIVE VALUE PROFILE C-12
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A. GENERAL DESCRIPTION

1. Introduction

The Venus multiple probe evaluation model is a digital pro-
gram specifically designed to evaluate the effectiveness with
which various competing mission configurations answer the ques-
tions which form the science objectives for the 1975 Venus oppor-
tunity. The program is written in FORTRAN IV and is arranged
such that an LBM 1130 computer with a disk memery can bo used to
ensure a rapid turn-around time.

A scientific analysis has been made for 22 cuestions to de
answere ? about the Venus atmosphere. This analysis includes the
contributions of instruments and target 3ites in answering the
questions. Numerical information from the scientific analysis
is stored in permanent files in the 1130 computer.

The mission configuration (probes, instruments, and charac-
teristics); which is input for evaluation, is stored in a set of
temporary files. An evaluation is made by the mcdel for eacn
question. The values for the different questions are adde. to
give the total value for the mission. The switches on the 1130
computer are used for selecting alternatives in the program for
calculations or outputs.

A mainline program, nine subroutine programs, and an auxiliary
program compose the model. The purpnse of the various subprograms
is described below.

2. Mainline Program - MISEL

The mainline program reads mission input date, pruvides appropri-

ate misslon data printouts, stores missfon datn In the proper diek

e
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files, and directs the program through the various calculation
subrout®nes. The only calculation performed by MISEL is the
trigonometric transformation of the probe site's latitude and
longitude to a more convenient distance (PSI) and inclination
angilc (FUHLTA) around the refercnce point (chosen as the subsolar
point).

3. Target Value Subroutine - TAV1(ISI,K,PSI,THETA,TV)

When called, this subroutine reads the target value curves

for the kth question from Permanent File 8. The curves are values
for various planet locations (PSI, THETA). The subroutine per-
forms a two-dimensional interpolation in the indicated set of
curves (with ISt = 1 for prilmary target zoncs and ISI - 2 for
secondary zones). The interpolation is made for the input values
of PSI and THETA, and the desired target value (TV, is returned

to the calling p: .gram.

4. Samplin. Factor Subroutine - SAMPL(I,J,K,SF)

Wwien called, this subroutine compares the de.igneu measure-

ment range and sampling interval in seconds for the jth instru-
ment on the 1th probe with the requirea measurement range and
radius interval for the kth question. The subroutine rec4s the
desigr range and time interval from Temporary File 3 for the jth
i.stru .nt on the ith probe, rea s the descent time profile for
'~ 4th probe from File 2, and calculates the varying design
radius interval. After readirg the required delta radius list
from Permanent File 7, the sampling interval ratio (VAL) -- a
ratio of the required-to-design radius interval -- is determined,
and all such ratios are averaged to provide a measure of how well
tiie instrument sampling compaies with the requirement.

This subroutine also reads the cumvlative value profile for
the kth question from Permanent File 6, and, utilizing this curve,

the differenc> in the cumulative values for the top of the meas-

urement range and the bottom provides a fraction of the total
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measurement achieved by the instrument. This fraction is called
the sampling range fraction (VALP). The product of this fraction
and the sampling interval ratio 18 the sampling factor (SF),
which is returned to the calling program., If Switch 6 is on,
these three values are printed out each time the subroutine is
called. A secondary switch option prints out only VALP and VAL,
and 18 used with an auxiliary program that is not described in
this document.

5. Calculation Subroutines - CAL1 thru CAL7

The calculation subroutines have the primary purpose of find-

ing the fraction of the question which has been answered by the

mission configuration (question value) aad a secondary purpose of
determining the relative contributions of the various instruments
and probes. The computer core memory capacity limits these sub-
routines to about four questions. The purpose of the seven sub-

routines 18 listed below.

Subroutine Use
CAL1 Calculates low- and high-altitude ref--

erences and a pressure/temperature ref-
erence for each probe. These values
are a prerequisite to many of the
questions to follow.

CAL2 Calculates question values for ques- ;
tions 1, 2, 3, and 4.

CAL3 Calzulates Q(5), Q(6), Q(7), and Q(8).
CAL4 Calculates Q(9), Q(10), Q(11), and Q(12).
CAL5 Calculates Q(13), Q(14), Q(15), Q(16),

N e S dmatn seer

and Q(17).
CAL6 Calculates Q(18), Q(19), Q(20), Q(21),
and Q(22).
CAL7 Recni7es the accumulated question val- i

ues allotted to the altitude and pres-
sure/temperature references and further
divides these values among the various
pressure, temperature, acceleration,
high-altitude mass spectrometer, and al-
titude radar instruments.
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6. Permanent File Loading Program

An auxiliary program, not directly a part of the model, is
used to read card data into the permanent files while a second
portion of this program reads the information just filed and pro-

vides a data printout.

B. DATA INPUT MODES

Two data input modes are available by using Data Switch 5.
1. Multiple Case Mode (Switch 5 On)

Successive sets of mission configuration data can be evaluated,

or a single set of data can be run with two or more computational
options in effect.
2. Single Case Mode (Switch 5 Off)

A single set of mission data 1s read and evaluated; the pro-
gram is then recycled to accept and evaluate any pertinent data

changes to single probes in sequence.

C. COMPUTATIONAL OPTIONS

Four computational options are available; these are listed

below.
1. Idea] Case (Switches 2 and 3 On)

With this option, Subroutines TAV1 and SAMPL are switched out;
therefore, no degradation is calculated for the distance between
the ideal target zones and the actual entry sites, nor is the deg-

radation calculated for the measurement range and sampling in-

terval.
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2. Sampling Factor Only (Switch 2 On and Switch 3 Off)

With this optlon, the target value subroutine is switched out,

but the sampling factor is computed.
3. Target Value Only (Switch 2 Off and Switch 3 On)
With this option, the sampling factor subroutine is switched

- out, but the target value is computed.
4. A1l Degradation Computed (Switches 2 and 3 Off)

Both targeting and sampling degradations are computed.

D. PRINTOUT OPTIONS

1. Printout of Mission Data (Switch 7 Off)

The program normally prints the input mission configuration

data, including the number and title of each probe, and the
probe's target point, reliability, and descent time profile. For
each f{nstrument, the instrument index, title of the instrument
value index and sampling range, and time interval are printed.
With Switch 7 on, the time-consuming printout of this information
is omitted.

2. Printout of Probe-Instrument Map (Switch 4 On)

As a replacement for the complete mission data printout, a

VTSP VT e

probe-instrument map (a matrix of all the instrument index values
for all the instruments) is printed. This map is then a concise
listing of all the mission instruments, probe by probe.

3. Printout of Relative Instrument Value (Switch 1 Off)

The relative contribution of each instrument, the target val-

ue, and the contribution of each probe is normally printed out
for each question and for each probe. When Switch 1 is turned on,

only the calculated value for the question 1is printed.

n
£~
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4. Printout of Sampling Factor Data (Switch & On)

With Switch € on, the probe index, the instrument index, the
question Index, the sampling range fraction, the sampling interval
ratio, and the resulting sampling factor are printed out each time

the subroutine SAMPL 1s called.

This option provides visibility

into the sampling factor calculation.

The switches are arranged so that normal operation is obtained

with all switches turned off.

E. SUMMARY OF COMPUTER SW1:CH OPTIONS

ings 1s tabulated below.

A brief summary of the switch mean-

Switch
Number

Effect

of Switch

Switch On

Switch Off

1

Probe-Instrument Map
Multiple Case Mode

I, J, K, VALP, VAL, SF
Output

VALP, VAL Output

Relative Value of Instru-
ment Qutput

Value Degraded by Target
Site

Value Degraded by Sampling
Factor

Single Case Mode

Mission Data Output

Only five types of data input cards are required for the eval-

uation program.

F. INPUT DATA FORMAT

Those inputs requiring fixed-point integers are

i i
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marked with (FP), and must be right-adjusted in the indicated
fleld. All other numbers must contain a decimal point. The
gpace left for titles can be left blank 1if so desired.

1. Mission Card

I—Number of Probes Considered in the Mission (FP)

Mission Title (40 spaces)

toL,

2

The mission title should be centered in the 40-character
field. A maximum of 10 probes is provided for.
- 2. Probe Data Card

Number of Instrument on Probe (FP)

Index of Probe's Target Zone (FP)

Ve ews et

Number of Points in Probe's DNescent
| Time Profile (FP)

Probe Title (28 spaces) | Latitude | Longitude | Reliability| Type

: Yoy s } ' ' ¥
; 4 8 12 13 41 51 61 71
} The number of instruments refers to the number listed. For

i example, using the single input mode case, a 2 in Column 4 would

¢ mean that changes are being made to two instruments, and that

one of the instruments could be eliminated by giving it a value
4 of zero while the other instrument could be acded to the subject

probe,

An aribtrarily-assigned index number for each of five ideal

USRS N

target zones are listed below:

1. Subsolar Zore 4, Morning Terminator
Zone;

i:
;
¢

2. Polar Zone;

3. Evening Terminator 5. Antisolar Zone;

Zone; !
These index numbers are assigned to each probe on the basis of

the zone closest to the probe's actual entry point. Due to the
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importance of the subsolar point, at least one probe of each dis-
tinctive type, closest to the subsolar point, is always desig-
nated with a number 1.

Core space 1is provided for 20 pairs of pcints in the descent
time profile. The probe title should begin in Column 13. The
latitude and longitude are given in decimal degrees, measured in
plus and minus directions from the subsolar point. The value of
type 1s assigned as follows:

0 = Descent Probe;
1 = Balloon Probe.
3. Descent Time Card

Highest Radius in Profile
; l—-Natural Log of Time from a Constant Time Reference

2y Y Vi | Z2 [ V2 23| V3| Zu ] Vs

f—

t !—-Log Time for Lowest Radius
on Card

L-Lowest Radius on Card

The program is limited to 20 pairs of points, four on a cavd.
4. Instrument Card

Instrument Index (FP)
l 5——-Number of Pairs in Design Measurement List (FP)

Instrument Title (28 spaces)| Value

Design Measurement List

Index H; | DT | H, | DT, H3 E{}Hq _]?Tq.
Y- NN
2 4 . 33 38 43 48 53 58 63 68 73

Space is provided for four pairs of numbers in the design

measurement list.

. Wt»’kw*‘mm.-;),ﬂ'ﬁ‘ T et ”
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The Instrument Index ls a sct of arbitrarily-assigned numbers

as follows:

1. Accelerometer; 10. Lvaporimeter/Condensi-
meter;

11. Altitude Radar;
12. orift Radar;

2. Pressure Sensor;
3. Temperature Sensor;

4. Mass Spectrometer;

5. Thermal Radiometer; 13. Transponder;

14. Ion Mass Spectrometer;

15. High-Altitude Mass
Spectrometer;

6. Solar Radiometer;
7. Nephelometer;

8. Cloud Particle Number,

Density and Size; 16. Electron Density and

Temperature;
9. (Cloud Particle Compo-
sition;

17. UV Photometer.
The instrument title should start in Column 5.
An assigned value index of 1.0 means the instrument is on
the probe and is working perfectly. Similarly, a value of zero
indicates the instrument never works. Values between 1.0 and 0.0
cdan be assigned to indicate various levels of instrument complex-
ity or reliability.
"he meaning of the symbols in the Design Measurements List
can be illustrated by the following examples: !
1) 6030. 10. 6120. 20. 6050. 20.
Hy DT, H, DT, Hy DT 4
The instrument is started at a radius of 6130 km and
; sampled every 10 sec until the radius is 6120 km; at

P

this time, the sampling rate is decreasec to once

every 20 sec until impact (when radius is 6050 km);
2) 6150. 10. 6130. 9999. 610u. 20. 6050.

H, DT; H, DT, H3z  DT3 Hy

In this example, the instrument is turned on at a
radius of 6150 km and sampled every 10 sec until the
radius is 6130 km; at this time, the instrument is

A T D SR g . <. o o b

] __1......—;.uun--ug!-""""f?!=§5! nl!
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turned off (accomplished by having a large time inter-
val, DI,). The instrument is again sampled from 6100
km to 6050 km every 20 sec. iote that the last time
Interval [s not requirced.

For ballon probes, the flotatlon radius is entered as Hy, (H-,
if there are two balloons at the same location). H) is made to
read the same as the last helght listed (elther H, or Hy). The
values of I are not used.

5. Change Card

{——Index of Probe to be Changed

!

4

When the blank card that normally follows a set of mission
data cards contains a number in Column 4, it indicates to the
program that a change is to be made in some of the data pertain-
ing to the probe having thet index number. The index number in-
volved is not the ideal target zone index that may be assigned
to several probes, but rather the order number of the probe orig-
inal listing, whichk is not a card input.

A change card must be used when Switch 5 !s on (multiple case
mode).

%
i
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G. ASSEMLLY OF DATA INPUT

1. Single Casc Mode (Switch 5 Off)

Mlssion Card

- e —— — ki 40 P e e D o o T i W v O U G —— " — - o - W -

Probe Card \
Velocity Cavd ‘ #t least one, but not more than five cards.

Velocity Card >

Instrument Card
' One card required for each Instrument on the

probe.

Instrument Card
Probe Card ‘

Repeat the above for each probe in the mis-
sion.

Change Card Only needed if the mission is to be changed.

Required eveu if the chenge is only velocity

P
robe Card or instrument.

Velocity Cards Required.

At least one required; instruments added with
normal instrument card or deleted by repeat-
ing the same instrument card with value set
to zero.

Instrument Cer

required up to the change card. Instead of
the change card, a blank card is required be-
tween missior3. The same mission can be re-
loaded more conveniently if two blank cards
are placed at the end of the mission

Multiple Case
Mode (Switch

t
]
d ;
For this mode, the same sequence of cards is
5 On)

H. "“EMPORARY FILES

Files 1 thru 4 arc loaded by Subroutine MISEL vhile the misg-
sion data are being read in. Fiie 5 is set to zero by CALl, and
is added to by subse¢juent subroutines. A brief description of

the content of these five files is given below:

*

* % 3 ehdmk A e &l
R T iﬁ.&ﬁu i
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1. _Filel

This flle stores the Input mlssion data of :sI, THLTA, relia-
bility, and type for each probe.
2. File ¢

this flle stores the Loput descent time profile for each
probe.
3. File 3

This file stores the Lnput deslgn measurement list for cach
instrument on each probe.
4. File 4

This file stores the input value index for each instrument
on each probe.
5. Fiie 5

This file stores the calculated values for each instrument on

each probe which are accumulated for each question.

I. PERMANENT FILES

The permanent flles contain data pertaining to a part of the
questions that make ap the sclence objectives of the mission.,
Once it has been detzrmined that the values accurately define the
questions, the permanent files will not be altered so that true
comparisons can be made between competing mission configurations.
The four permanent flles are described below.

1. File 6 - Cumulative Value Profile

liach question primarily ‘efers to a given phenomenon to be
measured, The relative value of each sampling of the measurement
varics greatly as the probe descends through the atmosphere. The
cumulative value curve is the integral of these relative values.
It has a value of oune at the surface and of zeroc at an infinitely
high altitude. Note that there are a total of 26 sets of points;

e
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tae flrst four provide information for calculating the alticude
and pressure/temperature references in CAL1. Space 1is provided
for a maximum of 10 pairs of pouints for each curve.

2. File 7 - Required Delta Radius List

The pairs of points in this list give the radius (ki) and the
radius interval (km) that should be sampled. Space is j.ovided
in the program for five pairs of points (four different sasrling
intervals). Agaln, the first four sets of entries are used to
calculate the altitude and pressure/temperature references.

3. File 8 - Target Value Curves

In these curves, values are first given for each question for
the primary target zones (ISI = 1), and then for tk: secondary
target zoncs (ISI 2). Thce values are for points on three great
circles passing through the subsolar and artisolar points. The
first (WV1) passes through the evening terrdnatnr, the second
(WV2) crosses the pole, and the third (WV3) pasc<ec- th.rough the
morning terminator. Values are given for various distances fron
the subaolar point (WPSI). Space is provided for «.ght sets ol
points on each curve,

4. File 9 - Targating Parameters

For each question, this file provides 13 values r:lating to
targeting.

Target Zone Values Target Type Index

WP | PAR | SAx

| SJLBO!AL-———--———-I }

]
-—-t?-Polar
1
~-Evening Terminator

' ]
L—-Morning " yrminator

L——-Antilolar
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The first 10 numbers are pairs of values rcelating to the five
possible ideal target sites. The first number of each pair is
the target value to be used for that ideal target site in the
event that the target values arc not calculated (Switch 2 on).
The number In cach pair is an Index for that ideal target sitce;
this number is scet to 1 If the site 1s a primary site for the par-
tlcular question, but Is set to 2 if the site Is secondary for
that question.

The eleventh value, WP, Is the fraction of the total question
value that Is obtainable from primary target sites. The last two
values, PAR and SAR, are the primary and secondary accumulation
rates for determining the manner in which the value from each

probe is accumulated to obtain the question value.

J. SAMPLE PROGRAM PRINTOUT

Table E~1 shows a partial printout of a sample mission. The
printout has been annotated to illustrate the various output and

program options.

K. PROGRAM COMPUTATIONAL SCHEME

The actual method of computlng the value achleved for each
questlon can best be unde-~stood by referring to the program flow
diagrams (Fig. E-1, Sheets 1 thru 29) and to the symbol chart
(fable E~2). Sheets 1 and 2 of Fig. E-1 provide an overview of

the computational scheme and the interfaces between the various

subprograms .
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C}IBIL!I,Y»QF} THE ORIGIN

Table E-1 Mission Effectiveness Venus rrobe Trail Mission

LAY

SMALL BALLISTIC PROBE SUASLR

BN —wN

-

TRANSPONDER

MISS /o0

.
ROBE ACC P

[P

fl

1400 1400
1400 1400
100 1.00
0400 1.00
0400 1400
1,00 1.00
0.00 1.00
0400 1.00

L R RV R RN

PRESSURE SENSOR
TEMPERATURE SENSOR
ACCELEROMETER
SOLAR RADIOMETER
THERMAL RADIOMETER

T
1.00
1.00
1.00
1.00
1.00
1.00
1.0C
1.00

M/S TR

0.00 1.00
0.00 1.00
0+00 1.00
0+00 0.00
0.00 0,00
1400 1.00
0.00 0.00
0.00 0.00

0.0

LONG

REL

0e0  0e90

VALUVE

1400
1.00
1.00
1.00
1400
1400

();‘574 PRATOVT

SR
1,00
1400
1.00
1.00
1,00
1.00
1400
1.00

N
0.00
0.00
Q.uy
1400
100
1400
0«00
0.00

6160,

VESCENT VELOCITY (RADIUSIKMI=VELOCITY(M/SEC))

6050,

“500.

e

SAMPLING RATE

0405 é
0405 6
0408 6
0.05 6
0.05 6
0410 6

120«
120,
120
120,
120
120.

0eds
QedS5
Qe45
0645
QoS
090

Sawiren %27 orr __A

PROBE=INSTRUMENT MAP

CPN

0.00
0s0v
0.00
0400
0400
1.00
Q0e00
000

PC

0,00
0.00
0.00
1.00
1,00
1,00
0200
0,00

Esc

0.00
0,00
0.00
0.00
0,00
1400
0.00
J400

AR
0.00
0400
V00
0400
0,00
1.00
0400
0.00

bR
0,00
Va0V
VeQU
e QU
0.00
1.00
0.00
0«00

6135,
6040,

XPR

1.00
1.00
1.00
0.00
0,00
1.00
100
100

6050,
6050
6V50.
6050,
60504
6050,

10N

0,00
0.00
0.00
UslU
.00
1.00
000
0.00

FWose- Twsraumenr Map PRwr&o Sovrrcn # on

.y

TARGETING VALUE ON =& Z SAMPLING FACTOR ON

[

4500
.

6120. 102, 6090, 34,

Qo4
Ne S
Vet
Qe
0e4s
Ve 90

HMS

0,00
0.00
0.0V
LeOUL
o0
1.00
0400
0.00

ELC

G.00
000
000
Vel0
Ve0U
1.00
Cev
0«00

(STARTING RADIUS{KM)=INTERVAL{SEC))

Qe U0

Qe 0.00

0. VeV

Oe G.00

Qe 0.00

0. G.00
uv VALUE

0400 040U 0.00 0,00
0e00 0400 0,00 0400
QelU DelU LeVU VWU
Ve00 0eVU Va0V Qabu
0e00 0000 02U Va0V
100 0409 VLU 2,90
Va00 0aUQ 0400 0409
QellU 00U 0400 040V

FRIvTONTr or CompyTATions.

OPrrons AN EFcEST

Sasrcwss 2 &3

PROBE HIGH ALTITUDE REFERENCE PRESSURE / TEMPERATUKE LOW ALTITUDE REFERENCE
1 04380 04810 04690 P
2 0+380 0.810 00690 EFBREMCE
3 0.380 0,810 0.690 Ao Ke
" 04000 04810 00690 VArveEs Arways
5 0000 04810 0690
6 0a841 04810 00969 PrivTED
7 04000 00639 04613
s 04000 0,639 0.613
ESTION 1 RELATIVE VALUE CONTRIBUTED BY EACH INSTRUMENT
ROBE TV ACC P T M/S TR SR N CPN CPC E/C AR DR XPR ION HMS ELC UV ALTH P/T ALTL VALUE
1 1400 0400 0400 0400 0400 0400 0400 0a00 0400 0400 0400 0uJO 040U 0s00 0eUO GeOU VeUV VeI o0 UsGO Va0 05000
2 0084 0400 0400 0400 0400 0400 0400 0400 0400 0s00 0400 U0 0400 0ualUO UsOU CeOU UaUD OouV CelU 0400 Qe00 0e0O0
3 0029 0400 0400 0400 0400 0400 0400 0400 0400 U400 0400 0400 0aOV 0400 0200 0s00 Us0U 0+00 0200 0200 9e0U 02000
4 1400 0400 0400 0400 0e00 0400 0400 0400 0400 0.00 0400 0400 0400 0e00O 0400 CeQV V00 VOO 000 Qe00 Q00 0000
5 0064 0400 0400 0400 0000 0400 0400 0400 0400 0400 040U 0400 Os0U 020U VsUD 020U UsUG Ve0U Us0U Ua0U VLU 02000
6 0e57 0400 0400 0400 0400 0400 0400 0400 0400 0400 0,00 0,00 0400 0.00 0.18 0400 0e03 0s07 Qe07 030U 0200 00375
7 0064 0200 0000 0400 0400 0400 0400 0400 0400 0000 0,00 0¢0C Va0V 0400 V400 Us00 VsV VsUU UsUU LaOU V2Bs  0es00
8 0464 0000 0400 0400 0400 0400 0400 0400 0400 0400 0,00 0e00 0200 0400 0400 0200 VDD G+0L 0sit De00 0200 0v000
04375
QUESTION 2 VALUE 04507
Feearive Vacve prwrss '_j QUESTION ) VALUE 0e375
I1E Saircw A4 +3 oF QUESTION & VALUE 04353
QUESTION 5 VALUE 04643
OnLy Quesriew Torae IWIEAJ._> QUESTION & VACUE 0u490
o QUESTION 7 VALUE 04773
I» 6 Je 2 Ke 8 ACCUMULATED VALUE® 14000 DELTA HEIGHT VALUE= 04999  SAMPLING VALUE® 0e999
QUESTION 8 VALUE 00835
QUESTION 9 VALUE 0301
QUESTION 10 VALUE 04336
Jampune Facrer ovrper QUESTION 11 VALUE 04257
A Saired QUESTION 12 VALUE 04702
OBrasned sns QUESTION 13 VALUE 01651
/s on QUESTION 14 VALUE 04586
6 QUESTION 15 VALUE 0.313
QUESTION 16 VALUE 0e239
QUESTION 17 VALUE 04532
QUESTION 18 VALUE 0.882 TSrac Fhwsrens Vacoe
QUESTION 19 VALUE 04000 Acways Perared—~
QUESTION 20 VALUE 0e761
QUESTION 21 VALUE 04925
QUESTION 22 VALUE 04999
TOTAL MISSION VALUE 124243
SUMMARY OF ACTUMULATED INSTRUMENT VALUES
ACC P T M/ TR SR N CPN CPC E/C AR DR XPR ION HMS ELC UV VALUE
0046 0eb4 0408 0400 Os2l 0430 0400 Us00 000 0000 0000 0s00 OolZ 0s00 0eOU 0s00 0e0U UsOU 0s00 0400 1e6b2
0035 0eé1 0408 0400 0¢21 Ue21 040U UeUO 00U 0400 0400 00U 0el2 0400 040U 0e00 00U 0200 0e00 0e00 10407
0027 0e34 0008 0400 Oe2l 0el2 0400 0400 040U 04CO 0¢00 0s0U 0a06 VOO Oe0U OeUO Ce0D UsUO 0a00 0e0 14102
0000 0e31 0el9 0400 UslU Va3 0023 UsUD 0oh¥ 0elU VelUU VedV Vel ValUU UsUVU UeWU ValU Vel Vsl Vsl 14730
0400 0402 0400 0400 000 Del5 0400 0600 0s01 040U 0400 VeV 0400 0400 0sUU GeUO QelU Qo0U UeOU 0a00 00208
0¢84 0440 Go19 0069 0020 0029 Os13 OeT) 0eb3 0ul® 0433 0503 006 Oe2]l Oeé2 0e2Y 0ol 0sU0 0400 000 5.835
0400 0401 0s00 000 040U Usl3 0eUU UsUQG 040U 040U 040U UslU Ul 0ol VeVl Vsl UsUU Uell Va0 UeOU 00157
0s00 0eC1 0400 0400 0e00 Ve13 04600 0eV0 0eUU 0,00 VgV UalU UeVU OeUU UeU UelU VUelU 0ol VeV 0400 0el157
EREACDD0ns OF TOrAC /Mr8Sran VALLE TO s400/vi10va
IASrrymerrsy Auum’a pRwTED
sy e | -
Ak

AL PAGE |

S POOR, =

B T ST U E P




R A

PRECEDING PAGE BLANK NOT FILMED,

EVALUATION MODEL
TOP LEVEL FLOW DIAGRAM

TARGET
ZONE TITLE

—-_—..—__..._-..‘ - -

PROBE DATA

SITE POS ITION PROBE
LATITUDEI LONGITU-_J ELIABILITY
L____ T - ————— - - —

INSTRUMENT B D R -
INSTRUMENT DATA ‘I L TITLE ] VALUE DESIGN MEASUREL
,__nmzx I , e b LEST
TR IGONOMETRIC
TRANSFORMATION
-__._T. PR A_I._. J— l._-_
PSI THETA REL
_t l
FILE 1 )
TYPICAL CALCULATION SUBROUT INE l | ,
r : THELTA RjL
. — N © NO
! EXX1(I) EXX2(I) EXXJ(I) = EX(J) * REL * TV -
i 7 QN
' Y
‘ ,
5 ALL APPLICABLE INSTRUMFNTS TARGET VALUE 1, — W1, W2, w3
SUBROUT LNE
| | L
! gt
: [ —l
1 INSTRUMENT EQUATIONS — ' >
, PV; j = £(EXXX(I)'S) —
. 2 PROBE VALUE ALLOTMENT ]
* PATOT = ¢ -
} PV WP+PVS + (1-WP) + SVS
: i,k PVT SVT
* R R
; 3 P&S PVT SVS  SVT ] g
‘ VT = 3 Vi K 11 | PALOT  EXXX(I)'S
: svVs SAR <PV ’
I ag i,k PS = PVI/(2 PAR-3) ‘ {i*
SVT = 9 PV PAR~1 - -1)F
; 1,k s " [Par (P';R ) INSTRUMENT VALUE ALLOTMENT
! * PAR EQUAT IONS
. SAIR EX(J) = £(PALOT, EXXX(I)'S)

s & e ® G S VD O Gmn ¢ == — WA S TENTR S BN © Gt WD ® GHED @ NS T S & G 6 s @ e .

QUESTION VALUE

Qk=

— WP
PVS-WRR(1-WP) + SVS [

. e e carm—

D B I G GRS W D € GEED @ = & .




MCR-70-89 (Vol III)

PROBE DESCENT

E-17 and E-18

VELOCITY PROFILE | MISSTON
"""" T $ CONF IGURATION
- o PRINTOUT
B AR R /
PERMANENT
FILES
r’ N\
Z v zv, cv FILE 6
l l ACCUMULATED
ILE 3 ) ( FILE 2 > VALUZ PROFILE )
| ey
— —— RZ, DH FILE 7

¥ ¥ v ¥
SAMPLING FACI’(;T
SUBROUTINE

REQUIRED DELTA
\ RADIUS LIST /

TN\
FILE 8

TARGET VALUE

WV2, WV3, WPSI —-ﬁ__[

S
Dy

.———* No
e v

TARGET VALUE
INSTRUMENT
CONTR IBUTION

PROBE VALUE
PRINTOUT

@ - e 4 Gmmam o

CURVES

/

d FILE 9

TARGETING
PARAMETERS

e VT-:Qk

TOTAL MISSTON

- —

QUESTION
) VALUE
M— PRINTOUT

VALUE
PRINTOUT

;DEC'EX(J)-I: EX(J)

!

INSTRUMENT
CONTR IBUTION
FOR TOTAL MISSION
PRINTOUT

Fig. E-1 Program Flow Diagrams

FOLDOUT FRAMEeet 1 2.
!




T s v ——
L)
z 122] "Sumsary of Accumulated
= \.? ACEX(J) - Instrument Values"
g N/
& /1 \-F31,THETA,REL, TYPE 1@ Instrument Heading
: N
A \.HK EX(J) 108} I, ACEX(J)
O N/ 11,15(1) v N
NQV 12 v

I

(3 - ALTH(I) ALTH(T)
T'LIr', caL 1 [PT(T) W&Wv 125

()
4 HH.HmGV.S.w | ALTL(T) PMI)
N ALTL(T)
b
g K
1
m. Q(K)
a I11,IS(I \ \
Relative 107] K
Instrument
Value -
Option @ Instrument Heading

I
(ﬂMnVA TARG(T)
ﬂ Ex(J)
WV1,Wv2,Wwv3, PALOT
WPSI @
Lz as(n,ve bl+l\ fﬂ (k)

EX(J) ol AL 7
ACEX(J)

Number

Input Format

O

Option

Sensor Switch

i\
VALP
SP

VALP

VAL

J2J,R2(J2),PH(J2) 7




E-19 and E-20

MCR-70-89 (Vol III)

A Common

Output Format
Number

manent File

II Mission Card —
BS(L),L=1,10 1
JI(1)
1s(1) J
M
ALAT 17, >
ALONG
REL
TYPE )
z(M) Descent Profile
<A=v Card
3 R
LL
BS(L),1=1,7 Instrument Card
Ex(J) VQ ]
B(L)
r(L) /
- C Card

/- \ _ACEX(J)

>/ >

/\ PSI,THETA,REL,TYFE
(1)

MAIN
EFFECTIVENESS
EVALUATION
PROGRAM

MISEL

Mission
Data

Optiomn

Hbunﬂloaw

ouﬁos

00} BS - Mission Title

01] Probe Data Title
I

B8 - Probe Title
latitude
Longitude
Reliability

Z(¥) , V(M) M=
103 Z(M) , V(M) , M=5,MM

E-1 (cont)

Sheet 2

102

FRAGY.

EOLDOUT-

104] Instrument Data Title
J

BS - Instrument Title
EX(J)
H(L), DT(L), Le1l,4

105

. Intrument Heading

IA o

"Probe Instrument Map”

™122] "Susmary of Accumulated

Instrument Values”

*1109] Instrument Heading



MAIN EVALUATION PROGRAM

DEFINE FILE 1(10,8, U,Il)
DEFINE FILE 2(10,82,1,12)
DEFINE FILE 3(200,18,U,13)
DEFINE FILE 4(10,40,U,14)
DEFINI FLLE 5(10,40,U, L5)
DEFINE FILE 6(26,42,U,16)
DEF INE FILE 7(26,22,U,.7)
DIFINE FILE 8(23,128,U,8)
DEFINE FILE 9(23,26,0,19)

RECYCLE
FOR NEW CASE

?{) 116
D

| caLL pATSW(7,Ki1) B

<G>

YES

()

ITS 11
INaml

JI(), IS{L) , MM, 7BS(L), L = 1,7
ALAT,ALONG,REL, TYPE

|
READ
Q(H).V(H).H - l'm)




T —

MCR-70-89 (Vol III) E-21 and E-22 /

PROGRAM

8, U,Il) |
82,U,12)
),18,U,13)
40,U,14)
40,U,15)
42,U,16)
22,U,17)
128,U,18)
26,U,19)

\

\

\

116

U

§

KII)

NO
S
> )
wg;rg Mission Data Printout
MISSION TITLE Option

/

DO 15 I = IN,IT

117

RECYCLE
FOR CHANGE
IN CASE

118

Fig. E-1 (cont)

FOLDOUT FRAME ) _sheet 3




RECYCLE
FOR
NEW
CASE

PSI-QO.

MAIN EVALUATION PROGRAM

|

CALL DATSW(7,KIL) |

@m NO

YES

L/

/
2

| A = cos(.017453*ALAT) |

|

B = COS(.017453%ALONG)
e

Lc = SIN(.0174530BS (ALAT)) |

(=

E = A*SIN(.017453¥%ALONG)




~

.

MCR-70-89 (Vol III) E-23 and E-24
4
101
WRITE
PROBE INFO TITLE
102 Mission Data ¢rintout
WRITE Option
L,/Bs/L},L =1,7),ALAT,ALONG,REL
(Z (M), V(M) M = 1,4)
A‘%"\ M -
- T 103
}- SR I RECYCLE
Z(M), V(M) M = 5,MM FOR
CHANGE
IN
CASE

H.@

|  PSY = 57.295S*ATAN(SQRT(1.-D**2)/D) ]

PSI

A
Fig. E-1 (cont)
‘ M‘FRAME_Z..,.“

i o Wi s SRR WA ML A

4

4



MAIN EVALUATION PROGRAM

(8)
©- ¥ >3
@—

THETA = 90.

lrieTa = THETA+180 ]

RECYCLE l

FOR AM o
NEW
CAST Il -1
Fl
WRITE

Sl THETA,REL, 'I'Yf’c.

:
WRITE
AM, Z(M),VM) M = 1, M

b

YES
|
F

1ol ) First Pass of New Case : INeTT




MCR-70-89 (Vcl III)

)GRAM
> =@
%
THETA = 57.2958*ATAN(C/E) I
0
FILE 1
"Pr
FILE 2
1,MM
- NO
402
- 104 Mission Data Printout
WRITE Option
INSTRUMENT HEAD
>+ Chan-_gre in Case 142

E-25 and E-26

RECYCLE
FOR
CHANGE

CASE

’ &LDOUT FRAW';. gr (cor::)

it

W-!m' T g v £y i
i R4 ﬁ 1 &h“% ¢

Sheet 5
e |

st Ve g g 7 n

b ket d s Wi hndies




RECYCLE
FOR
NEW
CASE

MAIN EVAILUATLION PROGRAM

,JA - JI(I)

L {3

A
FOLDOUT FRAME: }

™

|

fAD
( J,LL, (BS{L),L = 1,7),5%(J), (H(L),DT(L),
EA- j

-

<<::;5|1r(u #7
ON?

Q.____

LL) HfO*(I 1) I

- FILE
WR LTE
AL, (H(L),DT(L),L = 1,4
FILE 4
WRITE
EX




MCR-70-89 (Vol III) E-27 and E~28 ;
{
GRAM
; 1\
4 =1
FILE 4
READ
EX
119 RECYCLE
- FOR
),DT(L),L = 1,4) CHANGE
‘ N
CASE

NO Mission Data Printout
Option

WRITE :
J, (BS(L),L = 1,7) ,EX(J), (H(L),DT(L) ,L wm 1,4)
S—

]

FILE 3

EOLDOUT : A

< _F] ).___

&Mﬂs E-1 (cont)
Sheet 6




RECYCLE
FOR
NEW
CASE

JT

JT+1

I+1

MAIN EVALUATION PROGRAM

]




MCR-70-89 (Vol III) E-29 and E-30

WM

106 RECYCLE
( CHANGE PAGE )120 FOR
- CHANGE
C WRITE TITLE ) 109 Probe }It::trument AN
(_ WRITE INSTRUMENT HEADING ) Option CASE

108




RECYCLE
FOR
NEW
CASE

MAIN EVALUATION PROGRAM

60 T0 (21,22,23,24,25,26,27),

0

L CALL CAL 1 _] I:‘CALL CAL 2 ]

[ caLcars | [ caLcas |

&

I5 w1

1

10¢

( cHANGE PAGE D
( wriE TITIE )

(_ WRITE INSTRUMENT HEADING

RV-IO.

of:

RV = RVEX (.])




MCR-70-89 (Vol IIT) E-31 and E-32
{0GRAM
AN
DO '8 KSR =1, 7
26,27), KSR
] [caLcars | [ caLcare | [CeatLcaL 7 |
A
- KSR = KSR+1
114
RECYCLE
FOR
CHANGE
OF
s
106 CASE
122
109
EAD ING
FILE S

FOLbOur

A

Fig. E-1 (cont)

WM;TG
| |

P ML S e—— R

§



MAIN EVALUATION PROGRAM

f 1 108

RECYCLE
FOR
NEW
CASE

1 =141 |

|§ALL DATSW(5,KI)

YES SWITCH #5
oN?
NO
:

END




MCR-70-89 (Vol III) E-33 and E-34

GRAM
108 *
)
123
t
>
17 RECYCLE
FOR
CHANGE
OF
CASE

06

Fig. E-1 (cont)
Sheet 9




B P

W T MR Nt RGP b

T P ————

P MY

SAMPLING FACTOR
SUBROUTINE

CALL DATSW(9,KIX)
CALL DATSW(6,KII)
CALL DATSW(8,KI)

| 13 w J#20%(1-1) |

L FILE 3

READ
AL, (K(L),DT(L),

VAC(3) = 0. | vAL= 0, | LLw*

Gu,(zvm).cv(.n). ’
J1l =1, 10)

Lt

1J = AJ1J Lwl Kl =1

VAC(K1) = (ZV(N-1)-H(L))*(CV(R)-CV(N-1))

ZV(N-1)-2ZV(N)

Q-

Kl = K1+l

ye]

€ ‘— °

| vaLr = vac(2)-vac(1) |}

SYIICK #9
o




MCR-70-89 (Vol III) E-35 and E-36

STEF

FILE 3

LL = AL

e ———

: FILE 6
), ’

.,

0
>——@—m' = M1

V(N-1)) + cv(n-1)

0 CTRY 0
— rpllnil K1-LL ~ .@

- | VAL = (2.%(VAC(2)44AC(3))-VAC(2, VAC(3))/3
[s=va |
VALR ® 0, N

3 3

Fig. E-1 (ccnt)

Sheet 10




- e v R < [URTE

SAMPLING FACTOR
SUBROUTINE

I2=1

| F

READ N
AM, (Z () ,X (M) ,M = 1,20

l ——”

MM = AM
I7 = K

|

READ
AJ2J, (RZ(J2),DH(J2),J2 = 1

IJZJ = AJ2J I

N=1 l(l-l L=1}Jc

—

M= 1
RECYCLE - : @ 4 - 2(M)-d
e
15
J\ M= M¢l M=MM e




MCR-70~89 (Vol 11I) E-37 and E~38

) I~
Y
| SP = VALP
FILEZ
AL = 1 >
,20) VAL =
FIIE 7
v
2 =1,5) )
RETURN '
1la2=1 PRINTOUT
S + .
~
+

0 &
—_ 16 i

- + v s '

Fig. E-1 (cont)

EqLoour FRAME ") Sheet 11

SRR




SAMPLING FACTOR
T SUBROUTINE

| ®)
X0 = _@Qg-.g;mz*ggnpxgu-m + X(M-1)
Z(M-1)-Z (M

18

[ x00 = aLoS (exp(x0) + pT(L))]
|
{M=1

@._ R | T —X00-X (M) 0

200 = Z (M-1)- (Z (M~1)~Z (M) ) *(X00-X (M-1)) ]
X (M) -X (M-1)

RECYCLE ﬁ.@

{ vX = DH(J2)/(TH-200) |

24 Ls -,
0

| NN = (TH-RZ(3241)/DH(ID) |

l VAL = (KIMWALANN) / (KI$NN) I

SF = VALPWAL |

T

TH = RZ (J241)

Q

FOLDOUT FRAME \

\




MCR-70-89 (Vol III) E-39 and E-40

Y
X0 = X(M)
:
T(L)) I
2 ' (20
200 = Z (M)
+ N
0
- (23
RETURN
VAL = (NAVALWX)/KL PRINTOUT
| s = vaL#vaLP |
| TH = 200 l
KL = KL#]
‘é ‘x
v
Fig. Er1 (cont) v
QL-_.....EME t 12 |




SAMPLING FACTOR
SUBROUTINE

RECYCLE




MCR-70-89 (Vol III)

E-41 and E-42

OR
\V
e
>
>
> ©
-
K4 = K4
| 99
WRITE
I,J,K4,VALP,VAL,SF
YES
> >(37
100
WRITE
VALP, VAL
[

Fig. E-1 (cont)

Sheet 13




TARGETING SUBROUTINE
TAV1

I8 =K

READ FILE 8
(WV1(I,L),W2(I,L),W3(I,L),WPSI(I,L),L = 1,8

l

| 1=1s1

RATIO = (WPSI(I,L-1)-PSI
(WPSI(I,L-1)-WPSI(I,L

]

TV1 m RATION(WV1(I,L)-WV1(I,L-1))4WV1(I,

| Tv2 = RATIO*(WV2(T,L)-WV2(I,L-1))#V2(I.

|

TV3 = RATIO* (WV3 (I, L)-WV# (I, L-1))$WV3 (1.

[ TV = (90.-THETA)*(TV3-1V2)/90.+1V2 |

.MUT FRAME [




L=1,8),I«1,2 >

MCR-70-89 (Vol III)

:-524-(:::>-- L = L+l
+ -

1) l
SI(L,L

+W1(L,L-1)

(i)

#W3(1,L-1)

[ TV= (THETA-90.)*(TV1-TV2)/90.#1V2 |

Fig. E-1 (cont)
Sheet 14

E~43 and E-44

EOLDOUT FRAME =




CALCULATION SUBRQUTINE CAL

CALL DATSW(3,KI)
CALL DATSW(2,KI1)

127

WRITE
TARGETING VALUE
PLING FACTO!

—SWIICH #2

@-_ YES
128

—SWITCH #3
130 oo omg

[ =1 | meo. [Tl | =2

|

) P | DO 17
~{ A

FILE 4
READ
EX
Jml DO 15

Q-

CALL DATSW(3,KI)




MCR-70-89 (Vol III) E~45 and E-46

JTINE CAL 1
)
1)
>1z7
\ NO 5
>
129
WRITE
ﬂm"
TARGETING
> No »(23
k3k
WRITE
“0“"
>126
Ke2 [ K3=3 | ‘
D017 Iml, II

IE &4

D015 Ja=1, 20

—
——

A

Fig. E-1 (cont)
‘OLDOUT FRAME )~ Sheet 15 I

I I “ !
¥ »




CALCULATION SUBROUTINE CAL 1

A

.

EX(J)-.1

| eacc(ny =@ | | EP(I) = EX(J) ] [ ET(D) = EX())
STTe 1 YES EPC(I) = EX(J)
ON
NO
1
|  CALL sAMPL(L,J,K1,5F) |
|
EACC(I) = EACC(I)*SF CALL SAMPL(I,J,K2,SF)
|
[ erc(n) mEP(D)%sP |
| PR = PRERAR(I)*EPC{I)*(1.-PR)
17
ﬁl I = I$] -

0 [

ISal
l 124

WRITE

=5
POLDOUT FRAME '
PR T e |
J mrr | repe . |



- CAL 1

MCR-70-89 (Vol III)

]

E-47 and E-48

] @ =am@ ]
YES % P~
NO
(1
[ cALL samPL(1,J,K3,5F) |

EAR/1) = BARL)*SF

| ees(Demx(d) |

J = J¥l

. =PR) l

124

FOLDOUT FRAM
: Fisgkl (cont)
Sheet 16




CALCULATION SUBROUTINE CAL 1

I

1=l DO 20 =1, L1

@

ALTL(L) = EAR(I) + (1.-EAR(I))*(,2 + .7*PR;*EP{1}

| pr(n) = er(DET(D) |

]

[ ALTH(I) = BACC(I)*(.5 + .SALTL(I))*(.5 + .5*Emis(I)) |

. 125
WRITE
I,ALTH(I),PT(I),ALTL(L)

DO 16 Jm=1, 20

I=I#

END

Fig. E-1 (cont)
Sheet 17




(cont)
it 17
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E-49 and E-50




SUBROUTINES CAL 2 THRU CAL 6

CALL DATSW(2,KII)
CALL DATSW({,KIII

READ FILE 9
TAR, PS, WP, PAR, SAR :

K3 = Kv4 K4 = K 5
SVs = 0 SVT m O z

DO 70 I =

K READ FILE 1
PSI, THETA, REL, TYPE
I 4 =1

READ FILE 4
EX

L w IS(I)

IST = PS(L)+.001

S
SWITCH #2

(N

o- -

{_zARG Iann_{fﬂ
IV = TARY J)




MCR-70-89 (Vol III) E-51 and E-52

RU CAL 6

e b ben w2 e

DO 95 K= 1, 4 for CAL 2
DO 95 K =5, 8 for CAL 3
DO 95 K= 9, 12 for CAL 4
DO 95 K = 13, 17 for CAL 5
DO 95 K = 18, 22 for CAL 6

S e st Aaeeien n

AR = K for CAL 2
= K-4 for CAL 3
= K-8 for CAL 4
;;-‘ s K-12 for CAL 5
T = K-17 for CAL 6
R

DO 70 L =1, II

9

2

Target Value
| CALL TAV1(ISI,K,PSI,THETA,TV)] OPtion

(zaro (D v ]

A

‘ Fig, E-1 (cont
FOLDOUT FW"’




SUBROUTINES CAL 2 THRU

Go T0(11,21,31,41,51),”

® 6O O @

INSTRUMENT DETERMINATIOM
(See Sheets 23, 24, and 25) ROUTINE

o et

-—eean s e am e @ e as e e

r
|
l
|
!
l
l
!
!

GO T0 (61,62,63,64,65), :

2 0 © ©

PROBE INSTRUMENT VALUE
EQUATIONS

\
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2 THRU CAL 6
A
::] DO 60 J =1, 20
,KI)
.1 =
o
Kim1l
1
e |
!
]
i
]
le——— PECULIAR TO CAL 2
|
!
]
|
]
]
i
H
-
Tf‘ VALUE See Sheet 26
A

Fig. E-1 (cont)

BLoour FRAMEUS 9

-
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’.__ S
g;:ml:'v“(@

[ P=PvT/ (2%PAR-3) |

[ Pvs = piw(PAR-1.)%(PAR-(PAR-1.)%P) |

SUBROUTINE CAL 2 THRU CA

(o)

- TF
I-11
o]+

r Q(K) = PVSMJ/PH(1-WP)*SVS

[ VT & VT + QK) |

@_ YES

132
WRITE
K, Q(K)

SWITCH #1
ON

L = I[5(1)

|

18K = PS(L)~-.999
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'HRU CAL 6
4
> ~(s2) |

| svs=svs4saR*PV(1,%6) |

SUT = SVI + PY(LK4) |

SVS = 1

!

Y*SVS

K)

NO

{72

107
WRITE
K

WRITE 09
INSTRUMENT HEADING

Y

HEADING OF INSTRUMENT

DO 90 IT= 1, II

|

- l
-EL'DOUT FWE-?/(cont)

Sheet 20

- 'mry |

k]
&




SUBROUTINES CAL 2 THRU CAL 6

|

[ PALOT = PY(X,K4)*(WI*(1-ISK)*PVS/PVI¥+(1-WP)*ISK-

|IS -1 l
READ FILE 5
ACEX

GO TO (81,82,83,84,85),Ké

L INSTRUMENT ALLOTMENT EQUATIONS
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*) *ISK*SVS/SVT) 44]

(See Sheet 27)

- J = Ml

|
|
EQLDOUT FRAME ) — A
Fig. E-1 (cont)
Sheet 21
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-~
s ot e

< e e . ok

SUBROUTINES CAL 2 THRU CAL

I, TARG(I), EX, PA

f

1 .

£

[S
NO SWITCH #1
108 S
1es
20
.‘ V
X = K1 jo—x 0

+

:
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THRU CAL 6

=

>=___...‘1-‘1+1 o

L '
110
WRITE
Qx)
X-4 for CAL 2
T K-8 for CAL 3
/,
K-12 for CAL 4
K-17 for CAL 5
] K-22 for CAL 6 .

Fig. E-1 (cont)
Sheet 22 s




QUESTION 1

SUBROUTINES CAL 2 THRU CAL 6

QUESTION 3

E10N(I) = TV*REL*EX(J)

S
SWITCH #3

| cALL saMPL(L,J,K3,5F) |

| EION(D) = sP*EIN(@) |

SWITCH #3
ON

Ne
| caLL sampL(1,J,K3,5F) | | cALL saMPL(L,J,K3,5F) |
[
| Ewi(n) = speuvi(D) | EELc(1) = sesgELc(r) |

QUESTION 4

| Ew3(D) = TvsREL*EX(3) |

s>

Ne
3

CALL SAMPL(I,J,K3,SF)

[ EW3(D) = sreov3(@) |

>

§0LDo:-rmﬂ; ‘
<
R T e T FasTR

QUESTION 6

l }

1

1

| caLL saMri(i,a,x3,s8) | CALL SAMPL(I,J,K3,SF) I
|

1

1

ECPN(L) = SIECPN(I) ] L EACC(I) = SF*EACC(I) ]

& <
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JAL 6

QUESTION 2

) | [ cALL saMPL(L,J,K3,SF) | [ cALL SAMPL(I,J,K3,5F) ]

|

| [ Ews() = srms(ny) | [ ewv2(D) = srmov2(n) |

(D ]
-

QUESTION 7

v ] | [ e = vemewmx) | [ EcPe(n) = TvMRELMX () |

) [ CALL SAMPL(Z,J,K3,SF) CALL SAMPL(I,J,K3,SF)
|
| EP1(I) = SF*EP1(I) r ECPC(I) = SP*ECPC(I) ]

6(')\‘ @

Fig. E-1 (cont)

BT e )
" | |




SUBROUTINES CAL 2 THRU CAL 6

QUESTION 8

<
[ er(1) = veELAEX(D) ] [ ET(D) = TvaRELaEX (D) | [ EMS(I) = TvsREL*EX(J) |

IS
SWITCH #3
ON2

SWITCH #3

NO
| caLL sampL(i,a,k3,sF) | | cALL saMPL(1,J,K3,5F) | | caLL samPL(1,J,K3,5F) |
l 1
L epma=seern | | [ er@=seerm ] | [ mwsesees@ ]
NS
QUESTION 12

[ EP(D) = vaRELAEX (D) | [ ET(D) = TvsREL*ER () |
YES YES
SWITCH #3 o
ON?_ - -
~NO
CALL SAMPL(I,J,K3,SF) CALL SAMPL(I,J,K3SF) CALL SAMPL(I,J,:3,SF) |
L L
EP(I) = SF*EP(I) | EN(I) - SPRT(D) ] [ (D) = sen(D)

&




CAL 6

MCR-70-89 (Vol III)

QUESTION 9, 10, 11

E EMSI(I) = TVAREL¥X(J) |

N N
l EMS2(I) - IV*REL*EX(J) ]

T

we_>t—e(5)
\od

L

CALL SAMPL(1,J,K3,SF) j

1

L

EMS1(I) = SF*EMS1(I) ]

—— (%]

[ CALL SAWPL(L,J,15,5) |

]
| Ems2(1) = spamms2(n) |
]

QUESTION 13

ETR(I) = TV*REL*EX (J)

YES
SWITCH #3

EN(I) = TV¥#REL*EX (J)

YES

ONJ
NO

[ cars smer(r,g,k3,50 | ‘

L L

SWITgH #3
0

CALL SAMPL(I,J,K3,SF)

- ) |
[em@ =seem ] | [ enn = seeEN l

—_—

.

Fig. E-1 (cont)

Sheet 24
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E-63 and E-64




R )

QUESTION 14

SUBROUTINES CAL 2 THRU CAL 6
QUESTION 16

QUESTION 15

+ 11
&e &)
+ |

[ EcPc(1) = TvAREL}EX(J) | [ ECPN(I) = TV*REL*EX (J) [
&
, CALL SAMPLQ,J,IUSF) ] L CALL SAMPL(I J,K3,SF) [ CALL SA-M;L(ILJJG SF) l
[
| Ecre(r) = serecpe(n) | [ Econ(n) =sereceN(D | | | EEC(L) = SF*EEC(D) J
60 60 Je ’ 60 Yo
QUESTION 19 QUESTION 20

CALL SAMPL(I, J,K3,SF)

| EXPRI(I) = SF*eXPR1(J)|

60

o g |

| cALL sampL(1,J,K3,8F)

CALL SAMPL(I,J,K3,SF) |

leaLs sampL(z, s

!

[ EDR(I) = SP¥E

{EACCL(I) = SP*EACCL(T) |

DR(I) |

|EXPR2(T) = SF-

(o)

(60 )+
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CAL 6
QUESTION 17 QUESTION 18
- -~ ¥ -
+ I3 +
[s]

ETR(I) = TV*REL*EX(J) |

SWITCH #3

e
ON?
NO
Y [ cALL saMPL(L,J,K3,5F) | CALL SAMPL(I,J,K3,SF) |
1
| | Esr(1) = ESR(D) B [ em@) =spem@m |
— 60 60
QUESTION 21 QUESTION 22

Ec'c'i (1) = TV*REL¥EX (3)]

S
SWITCH #3
- ON?

MPL(L,J,K3,5F) | [ cALL saMpL(1,3,K3,57) | | [ cALL samPL (1,3,K3,F]
) = SF*EXPR2(I) | [ EACC2(1) = SP¥EACC2(1) | . [ESR(D = SF * ESRQD) ]

-
Fig. E-1 (cont)
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QUESTION 1

QUESTION 2

SUBROUTINES CAL 2 THRU CA

QUESTION 3

PV(1,K4) = [S*EION(I) + 2%EUV1(
7

V{I,K4) = |S*EHMS (1)+2*EUV2(1)
7

PV(L,K4) = EELC(I)*
(. 5+.S*ALTH/I) )*(. 8+, 2%1Z (1

*(, 54+, 5*ALTH(I) ) * (. 8F. 2*IY(I)) #(, 5%.S*ALTH(I))
) [ ' ¥ o (66 )
QUESTION 5 QUESTION 6 QUESTION 7

PV(I,K4) = ECPN(I)*
(.5+.5*ALTH(I) ) * (.94, 1*PT(1))

L

- I,K4) = .S4EACC(I)*
(.8+ "*EPL(I))

L

PV(I,K4) = ECPC(I)*
(.8#. 2%ALTH(I) ) *(. 74, 3*PT{T

;

QUESTION 9

QUESTION 10

~y——

QUESTION 11

PV(I,K4) = EMS1(T)*
(.84, 2%PT(I))*(.5+.5*%ALTL(1))

PV(I,K4) = EMS2{1)*

PV(IL,K4) = ,S*EMS2(1)*

(.5+.5%ALTL(I))*(.8+.2%PT(I)) (.8+,2*PT(L))
‘ ()
QUESTION 13 QUESTION 14 QUESTION 15

PV(I,K4) & (.8*EN{I)¥.2*ETR(I))
*(,5+.5*%PT(1))*(,5+.5*ALTL(I))

FV(1,K4) = ECPC(I)*

PV(I,K4) = ECPN(I)*

(.5+.5ALTL(I) ) *(. 24.8*%PT(L)) (.5%.S*ALTL(1))
L i (o0)e
QUESTION 18 QUESTION 19 QUESTION 20

PV(I,K4) = ETR(I)*

(.5¢.5%ALTL(L))

PV(I,K4) = EXPRL(I)*
(.84, 2%PT(I))*(. 5+. S*ALTL(1))

PV(I,K4) m (EACCL(I)+2*EXPR2.
4EDR (1)) /4% (.5%.5*ALTL(1))

R

>

EQRouT, ERAVE |

66

q
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THRU CAL 6
QUESTILON 4 ;
SUBROUTINE !
i
{I)* PV(I,K4) = EUV3(I)* CAL 2
L 2%1Z (1)) (.5+.5%*ALTH(I)) %
3
QUESTION 8
©
C(I)* PV(I,K4) m (.4*EP(IM-.4*ET(I) CAL 3
L LARPT{T)) +.2%EMS (1) ) *(, 24, §*ALTL(I))
1 QUESTION 12
2(T)% PVI,Ka) m (,SY¥EN(I)+.3*EPC(I) CAL &
)) +,2%ET(1) ) *{.24.8*ALTL(1))
5 QUESTION 16 QUESTION 17
1)* PV(I,K4) = .75%EEC(1)* PV(1,K4) = ESR(I)* CAL 5
1)) (.5%.5%PT(1)) (.5%,5*ALTL(I))
7 QUESTION 21 QUESTION 22
-2%EXPR2 (1) PV(1,K4) = EACC2(I)* PV(I,K4) & ESR(I)* CAL 6
ALTL(I)) (.. 5ALTL(1) (. 17%. 25%ALTL(2))

'

Fig. E-1 (cont)
Sheet 26
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CAL 2

QUESTION @ 1

CAL 3

QUESTION , 5

EX(16) = PALOT/PV(I,K4)*
TY(I)*(,0357+EION(I)+
. 0143%EUV1 (I)+,0238%
EION(I)*ALTH(I)+.0095%
EUVL(I)*ALTH(I))

EX(18) = PALOT/PV(I,K4)*
ALTH(I)*(.1429*
EION (I)4.0571*Euvi(1)+
.0238*EION (I)*IY (1)#
. 0095*EUV1 (I1)*TY (1))

RVAL = (PALOT-EX(16)-EX(18
/ (5*E ION (£)$2%EUV1(I))

EX(14) = RVALX*S*EION(I)

EX(18) = PALOT/PV(L,K4)*
(.225+.0167*PT(I))*
ECPN(I)*ALTH(I)

EX(19) = PALOT/PV(I,K4)*
(. 025+, 0167*ALTH(I)*
ECPC(I)*PT(I)

EX(8) = PALOT-EX (18)~EX(19)

L._1

QUESTION 6

SUBROUTINES CAL 2 THRU CAL
CAL 4

QUESTION 9

EX(19) = PALOT/PV(I,Ké4)*
PT(I)*EMSL(I)*(.05+
+033*ALTL(I))

EX(20) = PALOT/PV(I,K4)*
ALTL(I)*EMS1(I)*
(. 24.033*PT(I))

EX(4) = PAlOT-EX(19)-EX(20)_j-

QUESTION 10

EX(2) = PALOT/PV(I,K4)*
. 05*EACC(I)*EP1(I)

EX(17) = RVAL*2*EUV1(I)

EX(1l) = PALOT~EX(2)

QUESTION 2

EX(18) = PALOT/PV(I,Ké4)*

ALTH(I)*(.0179+EmMS (I)+

+Q714%EUV2(1))

RVAL = (PALOT-EX(18))/
(S*EHMS (T)+2*%EUV2 (1))

EX(15) = S*EHMS(I)*RVAL

EX(19) = PALOT/PV(I,K4)*
EMS2(X)*PT(L)*(.05¢+
.033*%ALTL(I))

QUESTION 7

EX(18) = PALOT/PV(I,K&4)*
(.074.,02#PT (1) )*ECPC(L)
*ALTH(I)

EX(19) = PALOT/PV(I,Kh)*
(. 124, 02*ALTH(IP*ECPC(L)
*PT(1)

EX(20) ~ PALOT/PV(I,K4)*
EMS2 (L) *ALTL(I)*(. 24
.033*%PT(1))

EX(4)=PALOT-EX(19)-EX (20)

QUESTION 11

EX(19) = PALOT/PV(I,K&)*

EX(17) m 2%EUV2 (I)*RVAL . OS¥EMS2 (I)*PT(1)
QUESTION 3 EX(9) = PALOT-EX(18)-EX(19) EX(4) = PALOT-EX(19) .
EX(18) = PAIOT/PV(I,KA)*
(. 2*EELC(I) *ALTH(I)+ QUEST 0% 8 QW-STIONIZ
.0333%EELC (I)*1Z (I)*
ALTH(I)) EX(20) = PALOT/PV(I,K4)* EX(7) = PALOT/PV(I,K4)*

EX(14) = PALOT/PV(I,K4)*
(. OS*EELC (I)*IZ (1)+.033
*EELC(I)*ALTH(I)*I2(I)

1

(. 16%2P(I)#. L6¥ET(I)+.08
*EMS (1) )*ALTL(I)

EX(4) = PALOT/PV(I,K4)*
(. 044, 0B*ALTL(I))*EMS (I)

EX(16) = PALOT-EX(18)-EX (14>

EX(3) « PALOT/PV(I,K4)*

EN(I)*(. 1+, 2WALTL(I))

EX(2) « PALOT/PV(L,Kd)*
EP(I)*(.06+, 12%ALTL(I))

EX(3) = PALOT/PV(I, K4)*
ET(I)*(. 044, 08*ALTL(I))

QUESTION 4 (. 08+, 16%ALTL (1)) *£T(1) EX (20)=PALOT-EX(7) -EX(2)-EX(3) |
EX(18) = PAIDT/PV(I, Kb )* EX(Z)SPAIDT-EX(ZO) ~EX(4)-EX(3)
25%EUV3I(I)*ALTH(I)

EX(17) = PALOT-EX(18)

85 Jug——m

&




JAL 6

|

(20)

|
]

MCR-70-89 (Vol III)

CAL 5

QUESTION 13

CAL 6

QUESTION 18

BEX(20) = PALOT/PV(I,K4)*
ALTL(I)*(. 1*EN(I)+.0667*
EN(I)*PT(X1)¥.025*ETR(I)
+.0167*ETR(I)*PT(I))

EX(20) = PALOT/PV(I,K4)*
. 25%ETR (1) *ALTL(I)

EX(5) = PALCT-EX(20) =y

EX(19) = PALOT/PV(I,K4)*
PT(I)* (. 1*EN (I)+,025%
ETR (I)+, 0667*EN (I) *ALTL(I)
+.0167*ETR (1) *ALTL(I))

RVAL = (PALOT-EX (20)~EX(19))
/ (.8*EN(I)+.2*ETR(I))

QUESTION 19

EX(20) = PALOT/PV(I,K4)*
EXPR1 (1) *ALTL(I)*
(.2+.033*PT(I))

EX(7) = ,8*RVAL*EN(I)

PT(1)*ECPC(I)*(. 2+ Q"mm 20
. 133%ALTL(I))
EX (20)eePALOT/ (LG*PV (I, KA ))*
) e [ EX(20) = PALOT/PV(T, K4)* ALTL (T)* (EACCL (1)42%
— ECPC(I)*ALTL(I)*(, 05+ EXPR2 (I)+EDR(I))
. 133%PT(I))
‘ . EX(1) = PALOT/(16*PV(I,K4)M*
, EX (19)mPALOT-EX(20)-EX(19) |- EACCL (I)*(2+ALTL(I))
EX(12)mPALOT/ (16*PV(1,K4))*
™ 0“33“0“ 15 EDR (I)*(24ALTL(I))
| EX(20) = PALOT/PV(I,KA4)* 13)=PALOT-EX (20) -EX (£) -EX (12
. 25%ALTL (L) *ECPN (1) Ex(13) (20)-EX () -Ex ()
_ 8 21
EX(8) = PALOT-EX(20) - Que nou
EX(20) = PALOT/PV(I,Ké)*
— QUESTION (84) 16 . 25%BACC2 (1) *ALTL(I)
) EX(19) = PALOT/PV(L,KA)* . >
— .1875¥EEC(I)*PT (I) EX(1) = PALOT-EX(20)
2 EX(10) = PALOT-EX(19) > Q"'sm’"”

EX(5) = .2*RVAL*ETR(I)

QUESTION 14

EX(19) = PALOT/PV(I,K4)*
EXPR1 (1) *PT(I)*
(. 05+.033%ALTL(I))

EX(13) = PALOT-EX(20)-EX (19}

EX(19) = PALOT/PV(I,K4)*

3) I

QUESTION 17

EX(20) = PALOT/PV(I,X4)*
. 125%ESR (1) *ALTL(Y)

EK(20) = PALOT/PV(I,K4)%
. 25#ESR (I)*ALTL(I)

EX(6) = PALOT-EX(20)

&’

-

EX(6) = PALOT-EX(20)

Sheet 27
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CALCULATION SUBROUTINE
CAL 7

I46 = 1

PR=0,

[ caru paTsw(3, k)

18/
<> < >3
0 0
LS L EP(I) = EX(9) | ET(1) = EX(J)
1
SWITCH #3 Yzs [ Erc(n) = EX(2) ]
ON?
N

CALL SAMPL(I,J,K1,SP)

1

BACC(I) w EACC(I)*SP

CALU SAMPL(I,J,K2,8F)

EPC(I BP(1)#SF I
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\ROUT INE

K2 =1 Kim3

] po16 1=1, 1

FILE 4

)

j D015 Ja=1, 20

E-71 and E-72

+KI)

)
©

Kl=~1

oo s Semt ot e o oAl A% ALt Mk P AR

[ Ems@) ae’)

[ cawL sawrL(z,J,K3,87)

]

| eav( omar(wsr ]

lﬁ'l

A
Fig. E-1 (cont)



s o -

PR -
Byge

BB

CALCULATION SUBROUTT!
CAL 7

r
)

<o >

I
0|+

| PR = PRHEAR(I)*ERC(I)*(L.-

16
. IF
I= I+ I-11
ol+
I=l DO
17
IS = I
FI
READ
L \ ACEX
( EA(20) = AC" 1(18)*sACC(I)*ALTL(I)*(. 125+.0833*EHMS (1)) /ALTH(I) B
[ Za (13, = ACEX(L8)*EACC(I)*ERMS (I)*(. 125+.0833+ALTL(I" ) /ALTA(T) B
[ AcEx(15) = acEX(15)+8x(15) | L

ACEX(L) = ACEX(18)-EX(20)-EX(15)+ACEX (L)
|
ACE. 18)a. E

| Ex(3) = ACEX(19)*£T(1)/ (EP(DHET(T)) |

ACEX (3) = ACEX (3)+£X(3)

l

| ACEX(2) = ACEX(19)-EX(3)+ACEX(2)

ACEX (19)0.)

@Wml

=3
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SUBROUTINE
L7

) Ja J+l

C(I)*(L.-PR) |

=

:] D017 I=1, II

]

FILE 5

| ACEX(20) = ACEX(20)#£x(20) |

| EX(2) = ACEX(20)*EP(T)*(.2+.35*FR~. I*EAR(L)-.23334PR*EAR (L)) /ALTL(I) |

1

| PRAD = ACEX(20)*PR*EP(I)*(.35-.23334EAR(I))/ALTL(I) |

1

[ ACEX(11) = ACEX(20)-EX(2)-PRADHACEX (11)+PRAD*EAR(L)/ (EPC(I)+EAR(L)) |

1

[ ACEX(2) = ACEX(2)#EX (2)#PRAD*ERC (I)/ (EPC(I)+EAR(L)) B

It = I ACEX (20)=0.]
FILE 5 ~——]ACEX (20)=0.
WRITE

ACEX 1

o ~.

RETURN --::::::;?11 - I= I+
X + /

l END

Fig. E-1 (concl)
Sheet 29
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E~75
Table E-2 Symbol Chart
E Program Usage _]
i__n§!mpq1'i' S ﬂ.ﬂ-pftififing,"-_-_ . MISEL | SAMPL | TAV1 CAL1/7]vCAL2{EA
A g Cosine of Entry Site Latitude X
% ACEX(J) E Accumulated Value of tne jth instrument X
© AL i Number of Points in Cumulative Value Profile
' o (<10) X
. AJ2J | Number of Points in Required Radius List (<5) X
i AL Number of Points in Design Measurement List i
I (<4) = LL X i
ALAT E Entry Site Latitude X
ALONG § Entry Site Longitude X
ALTh(I) : Value of Hign-Altitude Reference on ith probe X
ALTL(I) | Value of Low-Altitude Reference on ith Probe X
AM ! Number of Points in Descent Time Profile (<20) X
B ; Cosine of Entry Site Longitude X
BS(L) ! Remarks or Title:
¢ 40 Characters for Mission Title,
! 28 Characters for Probe or Instrument Title X
1 c E Sine of the Absolute Value of Entry Site Longi-
! . tude
| CAL1-7 Calculation Subroutines 1 thru 7 X X
i cv(J1) : J1th value in Cumulative Value Profile X
i D ! A*B = Cosine of PSI X
i DH(K2) Delta Radius (km) in Required Radius List X
FoaT(L) Lth Time Interval (sec) between Samples in De-
i sign Measurement List X X :
) E ! Cosine of Latitude « Sine of Longitude X
! EACC(I) | Accelerometer Instrument Value Qg i [ X
EACCI(I) ; Accelerometer Instrument Value Qq | X
EACC2(I) ; Accelerometer Instrument Value Qy X
EAR(I) ! Altitude Radar Instrument Value (Altitude Ref-
| erence) X
! ECcPC(I) + Cloud Composition Instrument Value Q; Q4 X
| ECPN(I) | Cloud Particle Nurber, Density and Size Qs Qs X
EDR(I) | Drift Radar Instrument Value Qz X
EEC(I) % Evaporimeter/Condensimeter Vaiue Q¢ X
EELC(I) i Electron Density and Temperatuie Value Q; Q3 X
| EHMS(I) | High-Altitude Mass Spectrometer Value Q, i X
EION(I) | Ion Mass Spectrometer Instrument Value Q) ! X
EMS(I) Mass Spectrometer Instrument Value Qg f X
EMS1(I) Mass Spectrometer Instrument Value Qq ‘ X
EMS2(I) Mass Spectrometer Instrument Value Qo Qi) X
EN(I) Nephelometer Instrument Value Q;, Q)3 X
EP(I) Pressure Gauge Instrument Value Qg Q) (Altitude
Reference) ‘ X X
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Table E-2 (cont)
-
Program Usage H
1 T . v ]
Symbo1 Definition MISEL ' SAMPL TAV1 CAL1/7 . CAL2/6
- : T A R SE LI R
EPC(I) Pressure Gauge Instrument Value (Altitude Ref- : ' !
erence) . : ©oX
EPI(I) Pressure Gauge Instrument Value Q. ; : N X )
ESR(I) Solar Radiometer Instrument Value Q, Q_. . ; g X ;
ET(1) Temperature Gauge Instrument Value Q. Q. : i § X X i
ETR(I) Thermal Radiometer Instrument Value Qi3 Qi : ! é X
EUVI(I) UV Photometer Instrument Value Q, : ? f X
Euva(l) UV Photometer Instrument Value Q_ ‘ : ; boX
EUV3(I) UV Photometer Instrument Value Q. ' x X
EX(J) Value Index for jt Instrument X
EXPRI(I) Transponder Instrument Value Q)q . ; CX .
EXPRZ(I) Transponder Instrument Value Qg § : § toX g
H(L) Radius (km) at which an Instrument Either Starts, : : i i i
Stops, or Changes Its Sampling Rate X ' ' ;
I Probe Index L X X
I Target Type Index: : ‘ ' ;
ISI = 1 (Primary); § ;
ISI = 2 (Secondary) i CoX i
II Number of Probes in Mission X E X § X
IN Index Number of Probe Affected by Configuration i : i
Change X i ;
IS(1) Target Zone Index for ith Probe: § : i
1 = Subsolar; ' . ! . {
2 = Polar; : ; ' i
3 = Evening Terminator ] : )
4 = Morning Terminator ! :
5 = Antisolar X : Loy
ISI Target Type Index: ; . : :
1 = Primary; ; ' '
2 = Secondary ; ; X .
ISK Target Type Binary: : , :
0 = Primary; ' . :
1 = Secondary X . ! X o ‘
IT Number of Probes in Mission X ; E f ; ;
IY(1) = 1 when EELC(I) = 0.1 ; ; ; ;
12(1) = 1 when EION(I) = 0.1 i : j
Il Data File Record Index X i : :
12 Data File Record Index X L :
I3 Data File Record Index X ' ' :
14 Data File Record Index X E , J :
15 Data File Record Index X | : , !
16 Data File Record Index f ; ; ;
17 Data File Record Index : P |
18 Data File Record Index : Pxo
18 | Data File Record Index } i X 3!

T




! Symbol

.

J

JJ(I1)
JT
J1
J2
J1d
J2J

KI
KII

KIII
KIV
KIX
KSR
K1

Kl
K2

K4

K3 !

ma T
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Table E-2 {cont)

Index of Points in Cumulative Value Profile
Index of Points in Required Delta Radius List
Number of Points in Cumulative Value Profile
Number of Points in Required Delta Radius List
Question Index - Question Number

Sense Switch Indicators 5§ (MISEL), 8 (SAMPL), and
3 (CALY/7)

Sense Switch Indicators 7 (MISEL), 6 (SAMPL), and
2 (CAL1/7)

Sense Switch Indicator 1
Sense Switch Indicator 4
Sense Switch Indicator 9
Index Controlling Use of Subroutines

Index of Cumulative Value (Also Number of Sam-
pling Interval Ratios Averaged)

Question Index = 1 for Accelerometer
Question Index = 2 for Pressure Gauge
Question Index = 3 for Altitude Radar

Question Index = K in CAL 2
K-41in CAL 3
K-8 1in CAL 4
K- 12 in CAL 5
K- 17 in CAL 6

Index for Remarks
Index for Design Measurement List

E-77

-

it S
Definition I MISEL

Instrument Index: : X

1 = Accelerometer;

2 = Pressure Sensor;

3 = Temperature Sensor;

4 = Mass Spectrometer

5 = Thermal Radiometer

6 = Solar Radiometer;

7 = Nephelometer;

8 = Cloud Particle Number, Density and Size;

9 = Cloud Particle Composition;

10 = Evaporimeter/Condensimetar;

11 = Altitude Radar; !

12 = Drift Radar; !

13 = Transponder; !

14 = Ion Mass Spectrometer; !

15 = High-Altitude Mass Spectrometer; :

16 = Electron Density and Temperature; !

17 = UV Photometer;

18 = High-Altitude Reference;

19 = Point Reference;

20 = Low-Altitude Reference
Number of Instruments Carried on Probe X
Number of INstruments on ith Probe X
Numberical Index of Instruments X

—d

SAMP".

OIS T,

X

> > > >

[7av1 [caL1/7 T caLzse
X X
l
I
| |
; | ' |
v i '
s ; :
; !
D |
; ; i
i !
Px X
| |
' 1
’ Lo X
! (
|
!
X
i i !
]
i !
Eox
' ]
' X |
X
X
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Table E-2 (cont)
Program Usage
Symbol Definition MISEL | SAMPL | TAV1 | CAL1/7 | CAL2/6
Index for Target Value Curves X
Index Equal to IS(I) and Used for Target Zone
Index for Variables PS and TAR X
LL Number of Points in Design Measurement List X
M Index of Descent Time Profile Points X
MM Number of Points in Descent Time Profile X
Index of Points in Cumulative Value Profile X
Number of Sampling Interval Ratios Averaged Less
One X
NN Number of Sampling Intervals from Radius where
Ratio = 1.0 to End of Measurement Range X
P Total Probe Value (when PAR = 2)
Total Probe Value/3 (when PAR = 3)
PALOT Value Allotted to Probe under Consideration
PAR Primary Accumulation Rate
PR Probability of at Least One Radar-Pressure Cor-
relation X
PRAD Value Allotted to Radar-Pressure Combination X
PS(L) Target Type:
1 = Primary;
2 = Secondary X
PSI Angle of Entry from Subsolar Point (deg) X X X
PT(I) Pressure-Temperature Reference of ith probe X X
PV(1,K) Probe Instrument Value for itM Probe with Regard
to kth Question X
PVS Special Summation of Probe Instrument Value X
PVT Total of Probe Instrument Value X
Q(K) Fraction of the Value Achieved for the kth X
Question
RATIO PSI Interpolation Ratio in Target Value Curves X
REL Reliability of Probe X X
RV Total Value Achieved by Probe X
RZ(J2) Radius in J2th Pair of Points in Required Delta
Radius List X
SAR Accumulation Rate for Secondary Targets A
SF Sampling Factor X X X
SvVs Special Summation of Probe Instrument Values for
Secondary Targets X
SVT Total of Probe Instrument Values for Secondary
Targets X
TAR(L) Target Value for Lth Ideal Target Site X
TARG(I) Target Value for ith Probe X
TH Trial Radius (km) X
THETA Inclination Angle Measured Counterclockwise
around Subsolar Point X X X




Symbo1

e
TV

TVl

Tv2

LWPST(I,L)
CWVL(I,L)

buve(l,L)
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Table E-2 (concl)

%arge£"Valué
Terminator Great Circle
Circle

Terminator Great Circle
Probe type:

= 0 for Descent Probes;
= 1 for Balloon Probes

Time Profile

i K1th value Interpolated in Cumulative Value

i Profile
% Sampling Interval Ratio

Sampling Range Fraction

. Total Mission Value

Single-Point Sampling Interval Ratio

* Value of PSI in Target Value Curves

— 9
Definition , MISEL | SAMPL | TAV1 !CAL1/7 CAL2/6
- - - e wim e em e wm C teemar— o cea - - .. - eaes -—.—._——_-T~- - -—{ - .. m—— - ———
| ; x| X
Target Value for PSI Measured along Evening i i l
H | X
i
Target Value for PSI Measured along Polar Great i | i
| ! X !
! i :
Target Value for PSI Measured along Morning % ; . ' ‘
1 : B
i H ! |
i ; j i
A i | X
Mth value of Time (Log of Seconds) in Descent ! . g g
P ! z
: : ! |
! )
i
| :
h
| |
1 !
X i X
X |
. Fraction of Question Value from Primary Targets } X
X
. Target Value along Great Circle through Evening
X
Target Value along Great Circle through Pole X
Target Value along Great Circle through Morning
I X
Mth value of Time (Log of Seconds) in Descent
: X :
Log of Time in Seconds Corresponding to a Radius | g §
[ 1 !
5 s
X E
Radius Corresponding to XOZ in Descent iime % i
I L)

Terminator

Terminator
Time Profile

of TH in Descent Profile
Log of Time after Samp’ing Time Interval
Mth Radius in Descent Time Profile

Profile
J1th Radius in Cumulative Value Profile

A -t tta e
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Program Usage
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The first step is the reading of the mission and probe input
data shown on Sheet 3 and the transformation of the probe entry
latitude and longitude into PSI and THETA on Sheets 4 and 5 (note
that the important mission facts are stored in Temporary Files 1
and 2). On Sheet 6, the information on each instrument is read
and stored in Temporary Files 3 and 4. Sheet 8 shows the routing
through the seven calculation subroutines.

1. Determining Altitude and P-T References

The first step in computing the actual value is diagrammed on
Sheet 16. This consists of a search for the five instruments (on
the probe in question) which form the basis of the pressure-tem-
perature reference and both the high- and low-altitude references.
At least one of these references is used to obtain the question
value for all questions except Question 6.

The pressure-temperature reference has a value of one for
any probe that carries both a pressure sensor and a temperature
sensor. The low-altitude reference is one with a perfectly per-
forming altitude radar; but when there is a pressure gauge in-
stead of a radar, the reference is 20%. This reference approaches
90% if a pressure gauge-altitude radar pair is found ca any other
mis<ion probe.

The high-altitude reference is provided by an accclerometer
carried onboard the probe, but may be reduced by a factor of 0.5
Lf there is no low-altitude reference to tie the acceleromcter
profile to the ground. The high altitude reference can also be
reduced by a second 0.5 factor if there is no mass spectrometer
aboard the probe to calibrate the accelerometer.

2. Determine the Instrument Value

Each of the calculation subroutines, CAL 2 thru CAL 6, which

find the value achieved for each question, is basically similar,

and the first step is to obtain an instrument value, EXXX. The
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XXXs are the instrument initials; for example, EACC(I) is the in-
strument value of the accelerometer on the 1P probe. The instru-
ment value is a product of the probe reliability, probe target
value, the instrument's sampling factor, and the instrument's

3 3

1 if the instrument is carried on the probe, and to zero if it is

value index, EX The instrument index, EX,, is normally set to
not. Values between zero and one are permissible to account for
differences in instrument complexity. The probe reliability is
also an input, but the sampling factor and target value must be
calculated in the appropriate subroutine as discussed below.
Sheet 15 of Fig. E-1 indicates an instrument determination rou-
tine in which the instrument value is obtained. The specific
routines used for each question are diagrammed in Sheets 23 thru
25.

3. Determine the Value of the Probe's Instruments

Once the instrument values have been obtained for all the ap-
plicable instruments, these values are inserted in an inetrument
equation that provides the logical and functional relationships
between the various instruments dealing with a specific juestion.
Once this equation is evaluated, the result is the probe instru-
ment value for the ith probe in regard to the kth question, Pv;,k'
Sheet 26 of Fig. E-1 diagrams the probe instrument value equa-
tions for each of the 22 questions.

4. Summation of Probe Value

Several methods of summing the effects of multiple probes in

answering science questions are required. In one kind of ques-
tion, the answer is basically obtained from a single measurement,
providing that the given measurement is perfectly made. With
less than perfect sampling rates, less than ideal target sites,
and less than perfect reliability, a single measurement will pro-
vide less than a complete answer. For this type of question, it
is desirable to have the first probe provide a large proportion
of the answer and to add other probes o drive the value of the

answer asymptotically toward one.

E-81
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Other questions involve the concept of spatial distribution
so that a complete answer is not possible unless several measure-
ments are made at differing locations. With this type of ques-
tion, the first probe alone provides less than its proportionate
share of the value. The second probe measurement, on the other
hand, provides more than its proportionate share because the spa-
tial distribution has largely been accomplished. For this kind
of question, an "S" curve is desired for the summation scheme.
Figure E-2 plots a family of summation curves, which are availa-
ble from a single summation equation, by using different accumula-
tion rates, PAR. The total probe value, PVT, is the simple ad-
dition of the value achieved by each probe with regard to a given
question. The probe value summation, PVS, is the desired summa-
tion of the effects of the various probes, as given by the fol- }

lowing equation:

, (PAR-1)
PVT PVT
PVS = (2 AR = 3) [PAR - (PAR-1) FppR = 3)].

It is apparant that various values of PAR are possible; how-
ever, only two were adopted for use -- PAR = 2 for the single
measurement-type jquestion, and PAR = 3 for the questions requir-
ing spatial distribution.

The above discussion refers to the more important primary
target zones. In the case of the secondary target zones, the
summation is always linear, and SVS, the summation of the sec-

ondary value, is a fraction, SAR, of the total secondary probe

value, SVI. Therefore,

-

VS = SAR ° SVT.

The summaticn of the probe value PVi K is diagrammed on Sheet
’
20 of Fig. E-1.

{
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5. Calculation of Quegtion Value

The qu.stion value Ls ca’:ulated using o single equation
shown on Sheat 20 o! Flg. K~1l; the valu. of th. kth question,
Qk' Is found by

Qk » WP+ PVS + (1 = WP) « SVS§,
whoere

WP = Fraction of the value obtalned from primary .argcts;

PVS = Summation of the value from primary targets;

SVS = Summation of the value from secondary targets.
Since the first term of this equation is the valua accrued frui
primary target p-:bes, thc value which may be properly allotted
to the kth probe is the fraction, ’Vs.k/rvr' of the value men-
tionsd. A similar fraction is silotted ‘¢ a secnndery target
probe, and the pair of values can be combined {:; a single ¢y:a-
tion by defining an index number, ISK, which as & valua of 9 for
arimary target sites and s value of 1 for secon.isrv target

s.l..a8
PVy ok PVik
A—— 1) 1) \g - .
Value allotted to probe = pvf' WP ¢+ PYS (1 - ISK, + -EV%-

(1 - WwP)SVS - 1SK.

On Shact 21 of Pig. k~1, the vaiu: allotted to a given probe,
PALUT, is found and is then further subdivided between the sppro~
priate instrrwents. Sheet 27 diagrams all thc aquations that
are used to accomplish this further allocation. Note that some
of the value is sllotted tc Instruments 18, 1Y, and 20, even
though there are only 17 instruments. The varishles EX)s, EX;,,

and KXo are the values sllotted to the high-sltitude reference,

the pressure-iamperatu~e refarence, and the low-altitude rafer-
once, respectivealy. The ex - riment valus, Exj. tor the §th 4p-
strument iy then summad with similar valuas to obtain the ac-
Ccrmuiated experiment valus, Aczxj. for the jth instrument with

. 2."ll| P ;!liI'N“ E%I; |

o
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regard to all questions. The array of ACEXj is always printed
out, but the values of EXj are printed for each question and
probe only when Switch 1 is turned off. ‘the final task accom-
plished by the calculation subroutines CAL 2 thru CAL 6 {s to
print out the total questlon value as dlagrammed on Sheet 22 of
Fig. £-1.

6. Allotment of the Reference Values

Calculation Subroutine CAl. 7, diagrammed on Sheets 28 and 29
of Filg. -1, has the sole purpose of allotting the value accumu-
lated for ACEX,y, ACEX)q, and ACLEX,, between the five contribut-
ing types of instruments. Once this has been accomplished, con-
trol is returned to the mainline program, which then prints the
total value contributed by each instrument, as well as the sum
of all instruments carried on that probe (the value contributed
by the particular probe). When the values for each probe are
printed, the program is free to recycle in either of the two pos-
sible modes of operation.

7. Target Value Subroutine - TAV1

Sheet 14 of Flg. li=1 diagrams the manner I[n whlich this sub-
routlne Interpolates o value from the target value curves. As
deserlbed above, there are clght possible scets of pofnts #long
three great cireles. T'V1 1s the target value for a given value
of PSL on the circle running through the evening terminator;
tV2 and 1V3 are the target values for a given value of PSI on
the circles running through the pole and the morning terminator,
respectively. A linear interpolation is made between these
three values, depending on the input value of THETA.

g. Sampling Factor Subroutine - SAMPL

This subroutine first determines the proper value for the
sampling range fraction, VALP. The highest and lowest radii in
the design measurement list are used to do this; it is between

-



T Ty

Lo

o Ry T RN G E iy B e

sy

v et

E-86

MCR~70-89 (Vol LII)

these two radli that the partlcular Instrument makes [ts measure=—
ments.  The difference In the value Interpolated from the cumu-
lative value profile for these two radil is then the fractlon of
the total desired vertlcal range which has been measured. This
interpolation scheme, as welll as the special handling given
question 19, which requires the use of a balloon, are diagrammed
in Sheet 10 of Fig. E-1.

In this later case, the cumulative value profile is given
a different meaning; the values are those attached to various
balloon flotation heights. A single balloon at a given location
produces 2/3 of the possible value, and a second balloon proviues
the remainder.

Sheets 11 and 12 of Fig. k-1 diagram the method of determin-
Ing the ratio or the required delta radius to the particular one
actually experienced, VX. On the same figure, all such ratios
for a given instrument are averaged to find the sampling interval
ratio, VAL. The product of this ratio and the sampling range

fraction, VALP, gives the sampling factor that is returned to

the calling subroutine.

oy e e g b i wh sap e th o e




o —

APPENDIX F
MODEL ATMOSPHERE TABULATIONS

APPENDIX F

:‘gi‘, P i - [
b ',!}2,‘ ;\v« . “:(m . . .
Tk Y

mr T V LI




MCR-70-89 (Vol III) F-1

The equations used to compute the atimospheric profiles are

derived from the hydrostatic cquations:

dP = ~pgdr, [F-1])
the ideal gas law:

P = pRT. M, [F-2]

and the assumption that the temperature profile can be represented

by a series of linear segments
T=T + y(r - ro), [F-3)

where y = dT/dr = (T - To»/(r - ro). Equations [F-1] and [F-2]

combine to give

S mg -
In P S xr 4% [F=4]
r
where m, g, and T are functions of the radius.
The acceleration of gravity is given by:
- 2 . 202 -
g = GM/r g, ro//r [F-5]
where GM = 324,859.6 km3/sec® for Venus. If the mean molecular

mass 1s constant with altitude, Equation [F-3] can be substituted
in [F=4] and the integration gives:
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If the mean molecular mass varies with altitude, the quantity
T/m (the so-called molecular scale temperature) can be assumed
to vary linearly over short enough altitude intervals and Equa-
tion [F-6] can be used with the substitution of m, for m and

To m for To' The lapse rate y is now defined as:

, . da/m) (v/m - 1y/m))

dr (r - ro)

In the event that y is zero, Equation [F-7] is replaced by
the simpler expression.

m g
P 0°0 Z
P exp RT 6/1? + ;—)
o o (o}

where Z = (r - ro).

Thus, the calculation of the atmospheric profiles requires a

specification of an initial pressure and the temperature and

mean molecular weight profiles. In reproducing the NASA SP-8011

Models V2 and V5, the molecular scale temperature T/m was assumed
to vary linearly between the tabular values given in SP-8011.
The reason for the deviations of the computed pressures and

M - mw.‘lw !"@! I
. “ram B -o.lh wM

[F-6)

[(F-7]

(F-8]
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densitics from the tabular values of SP-8011 {s that the changes
in the tumperature lapse rates do not occur at the altitudes

tabulated I{p SP=-8011 but at intermcediate altitudes,

The models used in the study (MMC and VS) arc tabulated in
Tables F-1 and F-2,

:
B
we v o el nttvi"

Fiper



-4 | MCR-70-89 (Vol III) |
i
TASLE F=l
VENUS MODEL ATVOSPHERE NO MMC-~LOWER DATE 11 SEPT 1969

MEAN MOLECULAR *IASS = 43621 GRA'4S/MOLE
INITIAL PRESSURE =0+500000E 07 DYNES/SOCM AT
PRINT INTERVAL = 1400 K4

6088450 KM RADIVS

ALTITUDE IS AROVE 60509 KM RADIUS H

ALTITUDE

TEMP

PRESSURE

KM
=5+000
=4¢000
=3000
-2.000
«1000
0.000
1.000
2000
3.000
4.000
5000
6.000
7000
R.000
9.000
10,000
11000
12.000
13.000
14.00C
15.000
15,000
16.000
17.000
18,000
19.000
29.000
21.000
22000
23.000
24000
2%.000
25.000
26000
27000
28,000
294200
30.000
31,000
32.000
33.000
34,000
35,000
36.000
37.000
38.000
38,500

KFT
~16+404
=-13.123

-90842

‘50561

-3.280

N.C00
3.280
6561
9eR4L2

13.123

164404

19,685

220965

260246

29527

22.808

36089

394,370

424650

454931

494212

494212

52493

56.774

59055

62335

654516

68897

72178

75459

724740

£2.020

22.020

856301

8e,582

91.863

Q54144

9R428%
101706
1044986
108.267
111548
114.829
119.110
121.391
124871
1266312

KELVIN
803.33
795466
TR8,00
780433
77266
765630
75733
749466
74200
734033
726066
71900
71133
703466
696400
6RRe33
£30Ce 66
£73.00
66533
65766
650400
650400
642400
634,00
626400
61800
610.00
60200
594,00
586400
578400
57000
570.00
56148
55296
S44bb
$35+92
52749
518,88
510037
501.85
493,23
484081
476029
46777
459425
455400

DY.iE/CM2
0¢12660E
Lell1940E
011272€
Je¢10627E
010014E
Ce94314F5
0e88769E
CeB3500E
Qe TB49TE
VeT3747TE
0¢69241E
De64968F
0¢6C918E
057083E
0e53451FE
0450J16€E
0e46767E
0e43698E
0e40799E
Ue38062E
0e354862E
Je35482E
00¢33048E
0e¢30755E
0e28596€
Ve26564E
Q0e24654E
0e2285RE
Ce21173E
0019592€
CelR110E
Cel6723E
Vel6723E
Oel15424E
0el14209E
0ell3573€E
012012€
DellC23€E
010102
De9244PE
CeP464TT7€
DeT7076FE
0e70214E
Ueb6ISS9E
Ve57982E
e52554F
Ue50000E

09
u9
09
09
09
o8
1]
o8
cs8
oe
08
08
o8
08
o8
08
oe
o8
cs
L8
08
08
08
08
08
o8
08
cs8
o8
o8
on
o8
o8
os
oe

AT
Cel12494E
U0117935
0elll24F
0«.10488F
0.98837E
093080€
Oe87608E
0e82408F
O0e77470€
0e72783E

0e68335F <

0.64118F
0660122E
0e56336E
0652752€
0e49362%
0e46156E
0e43126E
0el0265F
0e37555E
035018F
0e35018E
0e32616¢
0¢30353F€
0edldB222E
Uc26217E
0s24331F€
0e22559E
0e20896E
0¢19336F
0«17873€
0¢16504E
0e16504F
Vel5222E€
UeldQ23E
Vel2902E
0«11855¢
010879€
0.99703F
0¢91239E
0.83372€
0e¢76069E
0¢69296E
Ve63024E
0e¢57223€F
0e51866F
0049346

4I!!Ig
e

¥ASS DENSITY

G/7Ci43
Ce81902E-01
Ve T8U4LIE=~V]
0e74344E=0]
0¢70782E-~01
0¢67360kE~0]}
Q0eb64IT2E~D]
0e6U916E~V]
Ve57886E~L]
0e5498CE~C]
0e52193E~C1
Ve49520E~01
0e46960E~0]
0e44507E-01
0e42159E~01
0¢39912E~J1
0e37763€=01
Ve35708E~0]}
0e33744E-0]
0e31R69E~01
0e3UvT79 =yl
Ge28269E-01
0¢28369€E=01
0626753E~-01
0e25211€E~-01
0e23740E=0])
0e22339E=01
0421006£-31
Ve 19734E~D])
Uel8525E=u]
Jel7376£=0]
0.16284E=D]
0¢15247€~01
0e¢15247E-D)
0014276E=u]}
O0el3354E=C1
Vel24T79E=u]
Uell1649E=u]
VelCB862€E=D1
01C118BE=V]
0094140E=C2
0e87483E=~02
0081197€~02
Qe 75267E=02
Veb96T9E=02
Veb4A1BE=D2
0e59471E~=02
0e¢57110Lt=02

SLUG/FT3
0e15891E
Vel5l44tE
Cel&d2bE
Oel3734E
0.13070E
0¢12432E
Oe«11819E
Vell231lE
0106617
0¢10127¢ CO
Ge96086E~0]
0.91118E-01
0.‘63595‘01
0+81803E=01}
QeT74643E~-0)
0s73273E~0)
Ue692856-0)
0¢65675E~01
0¢51836k=01
Je58361E~v]

0455046E-01

0¢55046£E£-01
051910E-01
Ceo8918E-0]
0¢46065E-01
Vel3345E~0])
O0eN755L=01
0«38290E-01
Qo359“4£-01
0e33715€E~01
J31596E-01
0.,29585€=01
Ce29585E=01
0e27701E~U]
Ge25912L=V1
0626213€E=01
Ue226V3L~v]
0¢21077€-01
0019632E~01
0¢18266E~01
0¢16974E=0Q]
0e15754E=0]
Vel&bC4LE=V])
Cel3520E=3]
0el2699E=01
Jell539L=01
0011081£E=9]

- e o M L

At n ko S sty R o5 %

s e

-




' ' MCR-70-89 (Vol III), . | yes

TABLE F-1 (cont.
VENUS MODEL ATMOSPHERE NO MMC=LOWER DATE 11 SEPT 1969
VEAN YOLECULAR 1MASS = 43,21 GRA“S/MOLE
(:) INITIAL PRESSURE =04500000E 07 DYNES/SOCY AT 6088450 KM RADIUS
PRINT INTERVAL = 1400 KM

ALTITUDE TEMP PRESSURE MASS DENSITY
Ke4 KFT KILVIN DYKE/CM2 ATM™ G/CM3 SLUG/FT3
39000 1274952 45Ce40 0e47547E 07 Ce46925E Ol Ve54863E=0U2 0e1Ub45E=01
40000 1314233 441420 0e%293CE VU7 06423 9E 01 0e50569E-C2 0.98121E-02
414000 1344514 6432400 0438680E 37 0438174F Ol 0446533E=02 0.90290E-02
42000 137e795 42280 0e34774E 07 0e34319E 01 0e42744E~02 0.82938E-02
43000 141.076 413.60 0431190E 07 0430782E 01 0.35192E=02 0+76045E=02
444000 1644356 404440 0427908BE 07 0e27543E 01 0435866E~02 0.69591E~02
456000 1474627 395420 Ue249U9E UT 0e24583E 01 0e32756E=02 Ve63558E=02
464000 1504918 386400 Ue22]1T73E UT 0e21883F 01 0e29854L=02 0457926E-02 i
47000 1540199 376480 0e19683E 7 0e19426E Ul 0627149E=02 0452677E=02
49000 157¢4R0 36760 Cel17422E O7 04171955 01 0024632E~=02 0+47794E~02
49000 1604761 358440 Je15374FE 07 Ual5173F 01 0622294E=02 0443258E~02
“ 5064000 1644041 349420 0413523E 07 0.13246E 01 042C127E=02 0439053E~02
514000 1674322 340460 0+11855E 07 04117GOE 01 0¢18121E~02 0+35162€=02
514000 1674322 340400 0e11855E 07 0411700E 01 0418121E~02 0+35162E=02
52000 1704603 331442 2412357E 07 0410221E 01 0e16241E=02 0431513E-02
53000 172884 322485 C49uUiT0F 35 Ge88991E VU0 UVel4514E~02 0428163E-02
54000 177e16% 31428 J:75217E U6 VeTT189E LU UVel2933E=U2 Ue25094E=02
544500 1784805 310400 L.727:5E .6 0e71785E 00 0e12194E=02 0423660E~02
(%) 55.000 1804446 30633 U677 ¢ 06 0e66698E 00 0e11465E=02 0e22246E-02
56000 1834727 299400 CaS81089E Ub 0e57428E OU UelCl1l4E=U2 0e19624E~02
57000 1874007 291¢66 0e49918E Ub Q0.49265F 00 Q488946E=03 0.17258E-02
5Re000 104288 2P4433 De42658E 06 0442100€ 00 0.77970E=C3 0e015128E-02
59,000 193.569 277400 0+36306E 06 0.35831E 00 0.68118E-03 0413217E~02
606000 1964850 269466 0¢30768E 05 0430366E 00 0059298E~03 0.11505E~02
614000 250131 262433 0025958E 06 0e25619E 00 0e51426E=~U3 0+99784E=03
624000 2034412 255000 ve21796E 06 0e21511E OU Us44622E=03 0+86194E=03
624000 2034412 255400 Ve21796E U6 Ce21511E U0 0e44422E-U3 0+86194E=~V03
63.000 2064692 252481 0418242E 06 0.18004E 00 Ce37501E=03 0.72765E=03
; 644000 2094973 250462 0e1524€E 06 0.15046E 00 0+31614E=03 0461342E=03
654000 2134254 248443 0012722E 06 0412555€ 00 0e26613E=03 0¢51638E-03
664000 2164535 246425 0410599E 06 0¢1Q461E 00 0422370E=03 0443406E~03
67000 2194816 244406 0¢88176E 05 0.87023E=01 0e18776E=03 0436432E~03
684000 2234097 241487 0e73234E 05 0.72276E-01 0+15735E~03 0.30531E-03
690000 2264377 236468 0e60725E 05 Us59931E=01 0e13166E=03 0e25547E~03
704000 2294658 237450 0e50269E 05 0049612E~-01 0e1100VE=03 0+21343E~03
714000 2324939 235031 Ve41544E 05 0.41000E-01 0e91753E=04 0+17803E-03
724000 2360220 233412 0+36274E 05 0033826E-01 0476407E=04 0+14825E=03
734000 2394501 230493 0+28227E 05 002785701 0e63522E~04 0412325E-03
744000 2420782 228475 0023205 05 0022901€~01 0052721E=U4 0¢10229E-03
754000 2660062 226456 0019062E 05 0018793E-01 0443681E=04 0.84755E-04 |
764000 2494343 224437 Je15597E 05 0.15393E~01 0436127E=04 0.70098E~04 |
770000 2520624 222418 0412751 05 0¢12554E=01 0029826E=06 Ue57872E~04 |
784000 255,905 220400 0e10604E 05 0e1U268E=01 0¢24579E=U4 0e4T691E~04
© 79000 250,186 217,91 0-84732E 04 Ce83624E=02 0¢20217E~V4 0039228E=04 -
804000 2620467 215462 J+68865E 06 0067964F=0Z 0016598E=0h 0e32205E~04
814000 2654748 213443 0.55854E 06 0.55124£=02 0e13600E=04 0026388E~04

i
!
f
; _ ALTITUDE IS ABOVE 60500 K¥ RADIUS
}
{
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VENUS

MCR-70-89 (Vol III):

TABLE F-1 (cont)

MONEL ATVOSPHERE NO MMC=-LOWER
MEAN MOLECULAR

) INITIAL PRESSURE =20.500000E 07 DYNES/SOCM AT 6088450 KM RADIUS
PRINT INTERVAL = 1400 KM

MASS m 43,2]1 GRAMS/MOLE

ALTITUDE 1S AROVE 60500 XM RADIUS.

: ALTITUDE

KM
82,000
83.009
T 84,000
85,000
86.000
87.000
88000
89.000
90,000
91,0C0
92.000
93.000
94,000
95,000
96,000
97,000
98,000
99,000
) " 100.000
101.000
102,000
103.000
104,000
105,000
106,000
107.0060
108.000
109,000
110,000
110.000
111,000
112.000
113.000
114.000
115,000
116.000
117.000
118.000
119.000
120,000
121,000
122,000
123.090
126400
12%.000
128,000

MM AL IO TaRE wirt © T

Pt

”ﬂ!ﬁ?:zy‘ O SN IR IR TSI i ¢

KFT
269,028
2724309
2754590
2784871
282.152
2R5.433
288713
2914994
235275
2984556
301.837
305.118
309,398
311.679
314,960
31802641
3214522
3244803
328,083
3314364
334,645
337.%26
341.207
2444488
3474769
351.C49
3544330
357.611
360.892
360,892
364,173
3674454
370734
374.015%
377.296
3804577
383.858
387.139
3904419
393,700
3964981
4004262
4030543
406+824
410104
413385

T o

g o =

%

TEMP
KELVIN
211425
20906
206487
204,68
202450
200031
198+12
195,93
193.75
191.56
18937
187.18
185.00
122,81
180,62
1784472
176e2%
174406
171.87
169.68
167.59
165,31
163012
160,93
158.75
156456
154437
152.18
150,00
150,00
154,16
158.33
16250
166.66
170,83
175.00
179.16
183.33
187.50
191,66
195.83
200,00
204416
208.33
21250

216066

W— o "—"Em& g%!‘?’ uﬂ g}’%

e e RS ﬁﬂ L

PRESSURE

DYNE/(CM2
Je45207E
0¢36512E
Ve29425E
0¢23661FE
J¢18982E
0el15194E
0¢12133E
Ue96653E
0¢76803E
0¢60875E
0e48125E
0¢37945E
0e29837E
0e23397E
Oel18294E
0e14263E
0.11087E
0e85917E
0¢66372E
Ce51108E
0e39224F
030002E
De22868E
0e17368E
0e13143E
Q099081E
0e74404E
0655650E
0e41453E
Qe%1453E
0¢30939E
023275E
0¢17641E
0e¢13466E
0e10349E
0+8C049E
0062296E
0e48764E
0¢38386E
0e30378E
0e2%163E
De19314E
Cel15%11E
012513¢E
Ce10138E 09
0eB82483E-01

04
04
04
04
04
04
04
03
03
03
C3
03
03
03

- . v e m s

ATM™M
Qeb4616E=02
0636034€=02
0e29040E~02
0.23351€-02
0¢18734E-0C2
0el4995E-02
Vell9T4E=~VU2
0e95389E~03
Ve75798E=03
0¢6V079E-03
0e¢47496E-03
0e37449==03
Ce29447E=03
0623091£-03
0.18055€-03
0¢14076E=-03
0e10942€-03
0.84794E~C4
0¢65504E=04
Ce50439E-04
0.38711€~C4
0¢29609E~04
0622569E~0V4
0e17141E-04
0¢12971€-04
0¢97785E-05
0e73431E~-05
0e54923E-~05
0¢40911E-05
0¢40911E=05
0«30535E-05
022971E-05
QelT741VE=0US
0¢13290E~05
0.10213E~05
0.79002E=06
0«61481E=06
0¢48127€E=06
0e37884E-06
0e?29980E=06
0+2384TE=06
0¢19062E=06
0¢15308€-06
0e¢123498=06
0.10005E-06
0e81605FK=07

N

DATE 11 SEPT 1969

MASS DENSITY

G/Cli3 .
De11121E=34
0¢90765E~-05
0473921E=05
0«60075€-05
0e48718E=05
0e39421E=05
Ve31827E=U5
0e25636E-US
0e2V601E=V5
Vel6515E=05
0e13207E=05
0¢10535€E=05
0e83C021E~06
0e66514E~06
0052638E~06
0e41542E=06
0e32692E=V6
0625652E=06
0020069E~06
0615653E=06
0e¢12170E=-06
Ce94320CE=~07
DeT285TE=V?
0«560875=07
0e43027E=07
Ve32889E~07
0625048E=07
0¢19004E=07
0614362E~07
0614362E~07
0.106430E=07
0076399€E=08
De56421E~08
0e41992E-08
0e31484E~03
Ce23772E-CH
0«18070E=-08
013823E-08
00¢10639E=08
0¢82370E=09
Veb66126E=09
Ve850190E=09
0039484E=~09
0031212Z=09
0¢2679%E=09
0e19784E=09

SLUG/FT3

0e2:579E=04
0el17611E-D4
0el4343E-04
J¢11656E-04
0094529E-05
0.76490E~05
Ueb1754E~US5
Cel9T742E=05
0¢39973E-05
032045E-05
025626E-~05
0e20641E~-05
0016264E~05

0012505€E=-05 .

0¢10212€E~05
QeB8UGUSE=V6
0¢63433E-06
0¢49TT4E-06
0¢38940E~06
0.30371E=-06
0423614E-06
C«18301E=06

0e14136E~06"

0010882E-06
0+83486E~07
0.63816E=-07
0¢48601E-07
0+36874E~07
0.27867€E=07
0.27867E-07

0+20237E~07
0+14823E-07 .

V1094 TE=07
0.81478E~08
0+61090E-08
0+46126E~-08
0+435062E~-08
0.26822E-08
0020644E-08
0.15982€E-08
0012442E-08
097385E~09
0eT76613E~-09
0.60568E-09
0.48110E-09
0038389E-09

N e s o e et it St g e




VENUS

ALTITUDE IS ABOVE 60500 KM RADIUS

ALTITUDE

KM
127000
1284000
125000
130.000
131000
132.000
133.000
134,000
135.000

" 1364000

137.000
138,000
1394000
1406009
140.C00C
141.000
142.000
163,009
144,900
145,000
166000
147.000
148,000
149,000
150000
151000
152.000
153,000
154,000
156,000

1564000

157.000
15800V
159.000
160,000
160,000
161,000
162.000
163.900
164.0CC
165,000
166000
167030
168.000
169,000
170,000

KFT
4164666
4194947
423,228
4264509
429479V
43234070
42680351
4394632
442,913
L46e194
46494475
4520755
4564036
4504317
4596317
662598
L554,879
469,160
4726440
4750721
4796002
4820283
LB5,564
48R o845
492,125
4950406
4984687
5010968
50854249
£°9,530
5110811
51954091
510,372
521653
526 .93%6
5264924
520,215
5314496
§34e778
531,057
5414338
5440619
5467900
5510181
5840461
5576742

TEMP
KELVIN
2720483
22500
22916
233,33
237.50
2410656
245.83
250600
254,16
258433
262450
266.56
27083
27500
27590
286425
29750
308¢75
320,00
331425
342.50
383.75
365.090
37625
387.50
368475
410,09

421425

432.5C
44375
455,00
46625
677e8%0
488,75
500600
500600
503612
506425
50937
51250
815.62
51875
521.87
52500
5284612

$31.25%

B %9
e

o %~wh&m¢m@aﬁﬁﬁ‘

MCR~70-89 (Vol III) |

|

o 1
TABLE ?~1 (cont) |
MODEL ATMOSPHERE NO MMC=LOWER
MEAN MOLECULAR MASS = 43421 GRAMS/MOLE
INITIAL PRESSURE =0,500000E 07 DYNES/SQCM AT 6088450 KM RADIUS
PRINT INTERVAL = 1400 KM

PRESSURE

DYNE/CM2
De67375€E=Cl
ve55246E=V]
0e45469E=01
Je37556E=01
Je31127€=01
0625885€=-01
0¢21594E=01
0¢18071E=U}
Jel5162E~C1
0612769E=01
CelC779E=-01
0e91244E=D2
Qe TT440E~-C2
De658%2E=-02
Jeb65892E=C2
Ue56317E~02
JebRL2FE~C2
De41881E-02
Ce26400E=02
0e318C7€E=C2
0627913E=02
0e206601E-02
0e21768E=-02
0¢19324E~-02
Cel7233€E-02
Cel5411E~-02
0e13826E=02
0¢126440E~-02
0e11225E=02
0«10156E-02
0e92121E~03
0e83750£=03
VeT76322E~v3
Qeb69715€=03
0e638CHE-0)
0+ 63800E=03
Je85347T4E=03
053617E=03
0.491925'03
Jeb5157E=(3
Cet}4T5E=03
0e¢38114E-023
Qe 35J4SE~03
0032239E~03
0296 74E~03
0e27327E=03

ATM

0666494E=07
0e54524E~0U7
00448748-07
0.37065€£=27
0-30720€E~07
0625546507
0621312K=07
Vel7835E~07
0614970E-07
0s12602E=07
0.10638E=07
0.90051E-08
0e7642TE-08
0465030£=~08
0465030E=08
Ue55581E-08
0.4T7795€=08
0e41333E-08
0e35933£=08
0e31391F=08
0427548E-08
0e24279E=-0R
00214835‘08
0.19081€-C8
Cel.T7008C=08
VeiB21.E5=08
0e13645c-08
D12278€E-08
CellCT78E-C8
0e10023E=08
0¢90916E=09
0232664E=09
Ve 75334E=09
0.68804E=09
0662972E=09
0:62972€E=09
06577092=-09
0¢52916£=09
De48548E=09
Ceb4566E-09
0e40933E=09
0e37616E=09
0+345ATE=09
0e¢31b18FE=09
0629286E~09

0026970E=09

-~ -

7

1
{
!

DATE 11 SEPT 1969

MASS CENSITY

G/CM3
0e15856E=U9
VelZ2T60E=UY
06¢19311E=29
De8365CE=10
Qe68114E~10
0655666E~10
0+45552E-10
Ve37567E=~10
0¢31016E-10
J¢25688E~-10
0e21341E-10
NDel7782E~10
(1¢14860E-10
0e12452E-10
Qel12452E~-10
0¢10224E-10
0«84601E~11
070497E-11
Ce59131E-1}
0.49902E~11
0e42355E-11
0e36142E~11
0430995€E~-11

0e26706E=11

Ue23113E~11
Ce20G87E~11
0e17525E~11
Oel5348E~11
0el3489E~11
0el1894E~11
OelC522E~-11
3e93362E~12
UVe83079E=12
Oe74131E~12
0e66321E~12
0e66321E=12
0+60401E~12
0¢55042€E~12
0¢50190E=-12
0eb5792E~12
0441804E~=32
Ue38185E~12
0e34899E~12
0e3:914E=12
0429201€E=12
026733€E-12

SLUG/FT3

03G765E~09
Ue24T6VE=~VY
0+20007E~0CY
Cal623GE~-09
0.13216E~09
0410801E~09
Ue88581E~10
Ve72893E-10
0.60181E~10
0e¢49843E~10
044140%9E-10
0¢3450Q4E~10
0.28833E-10
0624162E~10
De24162E~10
Je19839E~10
Oel16415E-10
0613678E-10
0¢11473E-10
0.96827E~-11
0+82183E~11
Je70127E~11
0.60140E~-11
0¢51819E~11
Ceb4B84TE~]1]
038975E~11
0¢34005E~11

0¢29780E~-11 .

0+26173E=11
0+23079E=11
0020616€=-11
0e18:15E=11
0e16120E~11
0e14383E~11
0+12868E=11
0+12866E=11
0.11719E-11
0+10680€=11
0097384E~12

Ce88851E~12

0.81113E=-12
0074091E-12
0e67716E~12
Veb61925€E~12
Oef( "60E-12

02518.1€=12
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 TABLE P-1 (cont) | -

MODEL ATMOSPHERE NO MVC=LOWER

MEAN MOLECULAR MASS = 43421 GRAMS/MOLE

ALTITUDE IS ABOVE 605040 KM RADIUS

ALTITUDE
KM KFT
171000 5616023
172000 5644304
173000 5674585
174,000 570,866
175000 5766146
1764000 5774427
177,000 5PJ.7C8
178.00C 582,989
179403C 587.27C
180.C00 5924551
181000 593,832
182.000 597.112
183.0C0 600393
124000 603.674
185.000 664955
186000 610235
187.000 £€13517
188.000 516,797
189000 620.078
1904000 623.359
191000 6266640
192000 625,921
193,000 633,202
194000 6364482
195000 629,763
156.00C 643,044
197000 6454325
198000
1990090
2004000
2006000
201000
2020000
- 2030000
204000
208,000
206000C
207000
20840090
209.000
210000
211,000
212000
2134000
2166000
215000

6524887
6564167
656167
659,448
6624729
666,010
669,291
672572
675853
679.133
6824414
SR5,695
688976
692257
69%+538
690,8)8
7024099
T705.380

6494606

TEMP
KELVIN
534437
53750
540662
543475
S46eR7
$565C.00
55312
556425
559437

562450

565462
56875
57187
575400
578.12
501425
58437
58750
590,62
56375
59687
600,00
603.12
60625
609437
612450
615462
61875
62187
62500
62550
62500
62509
62500
625.00
62500
625400
6250C
625000
62500
62500
62500
625.02
62%.00
62500
62%5.00

PRESSURE

DYNE/CV2
025178€=03
Ce23210E~03
0¢21407E~03

0e19753E=03 C.

0¢18236E~03
Ce16843E~03
C+15565€~03
0+143905-03
0e13310E~33
0+12316E~03
0411402E-03
0410561E-03
Je9TR64E-04
Ce90T23E=04
0+84139E~04
Ce78067E=Ct
0+72464" -04
046729 .:~04
0e62513E=04
CeS8099E-04
0e54018E=04
0e50245E~04
0+46753E-04
0e43522E-04
0+40529€-04
0437757€=C4
0+3518RE=04
0+32806E-04
0¢30597E=-04
0e28548E=~C4

De28548E=04

0e26640E=04
0624861E=04
0e23201E=04
0e21653€~04
0620208E=04
0¢18860E~04
0¢17602E=04
0e16429€E=C4
0e15334E=04
0el14312E-04
0e13359E=04
0e12470E=04
O0e12640E=04
0el10865E=04

AT™
0+24249E=09
0422907E-C9
Ce21127E-09
19495€-09
0e17997€-09
0e16623E-09
0+15361€=29
0e14202€-09
0e13136€~59
Ue12155€-09
Ce11253€-09
0e10423€-C9

Ce96585FE=10

Ce39537€<10
Ue83039E~-10
CeTT046E~-10
0e71516E-10
0e66411F~10
Ce61696£-10
0.57536£-10
Ue53312F=10
0.49588E-10
Ue&6142E-10
Vel 29525~10
0639999€-10
0437263E-10
0e34728E-10

0e32377E~10

Ce301975=10
0e28174£-10
Ge281T4E-10
Je26292€-10
09255365'10
Je22898E~10
0e21370€=10
0e19944E=10
CelP613£-10
vel?372E~10
G.IGZIAF-IO
0415133€E-10
Cel4125€E-10
Jel3184E-10
0¢12307€-10
JellaB87€-10
Cel0723E-10

"00100105'10

DATE 11 SEPT 1969

INITIAL PRESSURE =0.500000E 07 DYMES/SOCY AT 6088.50 KM RADIUS
PRINT IMTERVAL = 1400 KM

MASS DENSITY

G/CM3
002448B7E=12
0e22442E=12
00205785‘12
Cel18880E-12
0e17330E=12
0e15916E=12
0e14624E~12
0el3444E~]12
0e12366E~-12
0e11379E~-12
0610477E-12
0e96507E~13
0e88937E-13
081999E~-13
0+75637€E~-13
0+69801E~-13
0e64445E~]13
0659526E~13
0e55007E=13
0e50854E~13
0e4TO34E~-13
0e43521E~-13
0s4C28T7E~-13
Q0e37309E~13
0e34565E~-13
0432037€E=-13
0¢29705E-13
0e27555E~13
0e25570€E~-13
'002373QE'13
0e23738E-13
0e22152E~13
0420673E~-13
0el¥292E~13
0¢18005€E-13
0.16803E~13
0¢15683E~13
0¢14637E-13
Oel3661E~13
0¢12751E~-13
0e11901E~13
0¢11108E-13
0¢10369€E=13
0e96791E~14
0¢90350E=14
0e84341E=14

0.101425-04

.-

....._

e -

X

. e 4..- P S S YT S G m.J—-u. B s T evapo

rane’

At

“‘v .
K PR

——

Ceames 27 2wt ae s &

SLUG/FT3

0+47513E~-12
0e43545E-12
0e3992GE=72
0e36633E~12
0e33626E~12
030882E-12
Ge28376E-12
0«2608T7E~12
0e23994E-12

0¢22080€E~12

0.20329E~-12
0.18725E-12

0el17256E~12 ~

0e15910E~12
0e14676E~12

Cel3543E-12

0¢12504E~12
0«11550€~-12
0-106735-12
0.98673E~-13
0¢91262E=13
0e84445E~13
Ve78170E~-13
0e.72391E-13
0+67068E~-13
0.62162E-13
00576395'13

0¢53466E-13
0¢49615E~13
0+46060E~-13

0¢42983E-~13
0+40112E-13 -
0e37434E=13
0e34935¢~13
0¢32604E~13
0¢30430E=13
028400E~13
0¢26%07€=13

0e24741E-13,
0.230925-13%

'\V'\
R

0021554E-13 Ny

"0e20119E~13 .
0.18780h'13\

0.179305-13\u

0016364E-13

L]
‘

\k

N\

P

‘0e46060E=13" 7

¥

\

,,*um

! -
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VENUS

MCR=70-89 (Vb;'xxx)

 TABLE F=1 (conel) |
MONEL ATYDSPHERE NO MMC=LOWER
MEAN MOLFCULAR MASS = 43421 GRAMS/MOLE

IHITIAL PRESSURE =0+500000E 07 DYNES/SQCM AT 6088450 KM RADIUS
PRINT INTERVAL = 1400 KM

ALTITUDE 1S A3OVE 60500 KM RADIUS

ALTIT
Kwv

216.000
217.000
218,000
219.000
220,00C
221.000
222.000
223.000
2244000
2254000
226000
227.000
228.000
22¢«0990
230,000
231.000
222.000
233,000
2344000
2354000
2364000
237.000
238.000
239,000
240,000
241.000
242000
2434000
244,000
245.000
246.000
247.000
248.000
249,000
250,000

UDE
KFT
TO0R«661
711942
715.223
7184503
T21.784
7254065
72P 6346
7315627
734,908
739,188
T41e469
_7450750
7484031
751312
7540593
757874
761154
7644435
767716
770997
774278

7776559

780839
784120
7874401
7904682
763.5632
797244
800524
803,805
807.086
810367
. 8134648
8164929
882G« 209

TEVP
KELVIN
62500
£25.00
62500
625400
625.00
62500
672500
625.00
62500
62%.00
6?25.00
625400
62500
62500
625,090
625.00
625,00
62500
625400
62500
625400
625.00
62500
62500
62500
625.00
625.090
625.00
625.00
62500
625,00
625400
625400
62500
625400

PRESSURE

DYNE /CM2
0e94683E=05
0+ 88389E=05
0482515E~05
JeTTU33E~05
0471917E=-05
0e67142E-05
0e62685E=05
0+58526E=05
0e54643E=05
0¢51020E=05
0e47638E~05
0e44480E=05
Ce41533E<C5
0e38783E-05
0436215E-05
0+33818E-05
0+31580E~05
0¢29491E-05
0¢27540E-05
0e25720E-US
0e24320E~C5
0e22433E-05
0020951E-05
0¢19568E-05
0¢18276E-05
0e17070E=05
0e15944E=05
0e¢14892E=05
0¢13911E=05
0¢12994E~05
0e12138E-05
0e11338E-05
0¢10592E=05
0e9894RE=V6
0e92436E=06

ATN
0e93445€E-11
0e87233E~-11
Oe81l436E-11
0e76026F=11
0.70976E~-11
Ce66264E~-11
0«61865E=-11
CeS57760F~-11
0e53929€-11
0«50353E-11
0.470155-11
Ce43899FE~11
0440U990E-11
Je38275€8=~11
0e35741E~-11
0e¢33375€£~11
Ce31167E-11
029105F=-11
0e27180E~11
Ve25383E-11
Ce23706E-11
0622140€E-11
0420677E-11
0619312E-11
Cel8037€-11
0016847E-11
0e15735€E=-11
0el4698E=-11
0.13729€=11
0e12824€=~11
0¢11979€~11
0e¢11190E-11
0el0453E-11
0e97654E-12
Ue91228BE-12

EeY W e e e s eh s e 4

DATE 11

MASS DEN
G/CH
0e78732E=14
0e73498E=14
Ce6P614E~-14
0.6“055E-14
Ce59801E~14
0e55830E~-14
0e52125&t=14
O0e4B8666E-14
0.45“385’1“
0e42424E=14
0e39612E-14
0e36987F-14
De345:5E~14
Ce32249E~14
O0e30114E-14
0e28120E-14
0e26260E~-14
024522E-14
0e22901E--14
Ue21387E=14
0el9973E-14
0e18654E~-14
0e17422E~14
00¢16271E-14
Qel5197E~14
Oel4l94E-14
Oel3258E~14
0e12383E~-14
D¢11567E=14
0«1C80SE~-14
Cel0093E~14
0e94284E~15
Ce88CTEE-15
Ue82278E-15
De76864E=~15S

A =9

i

SEPT 1969

SITY
SLUG/FT3
0e15276E-13
0e¢14261E~13
0e13313E-13
0+12428E~-13
0¢11603E~13
0¢10832E~-13
0el10113E-13
00944288-1“
0.88164E-14
00323185'14
0¢76860E-~14
0e71767E-14
0e67012E~14
Qe62574E~14
Ce58430E~14
0¢545635E~14
050952E~14
0e47582E~]i4
Ce44435E-~14
0e41498E=14
0e38755E~14
0e36194E~14
0¢33804E~-14
0031572E=14
0.29488E-14
0e27542E~14
0¢25725E=14
0¢24028E~14

0e22444E~14 .

0020965E=14
0419584E=14
0.18294E=14
0.17085E=14

Vel5964E=14

Del4914E~14

e g et e B L 0s s o




 MCR-70-89 (Vol IIT) | - e

F-10 |

TABLE F=2 '
VENUS MONEL ATHOSPHERE NO SP80O11/VS, DATE 04 AUG 1969
¥EAN MOLECULAR MASS = 42440 GRAMS/MOLE
) INITIAL PRESSURE =04169000E 09 DYNES/SQCM™ AT 6048.00 KM RADIUS -
' PRINT INTERVAL = 1400 KM : '

- e PP, -

ALTITUDE 1S ASOVE 605040 KM RADIUS

& e Tt Sk e

il

ALTITUDE
KM K
0.000
1.000
2000
34000
3.000
4000 1
5000 1
6000 1
7000 2
8.000 2
Re000 2
9000 2
10,000 3
11000 3
12.000 3
13.000 4
13.000 4
14.000 &
15.000 ¢4
156000 5
17.00C 5
18,300 5
18000 5
19.000 &
20000 6
21000 6
22000 7
23.000 7
23.000 7
24,4000 7
25,000 8
26C00 8
27000 8
286,000 9
28000 ¢
29000 9
30,000 ¢
31.000
32.000
23,300u
33.000
34,000
35.C00
36,000
37.0C0
38,000,

11
11

12

FT
0.000
3.280
64561
FeB42

9e842

30123
6404
9685
2965
6e246
6246
9527
20808
64089
9370
2650
2650
5931
Ge212
2493
5774
9.U55
9055
20335
54616
84897
2178
5459
50459
8740
209020
54301
8e582
1.853
1.863
S5elb4
Be425

101e706
1044986
102,267
1080267

1,548
44829

118,110
1216391

4871

TEVP
KELVIN
755632
74798
T40 64
733,30
733430
725496
718462
71128
T03.94
69660
696.60
6R9.28
681496
6T4e64
66732
660,00
66000
651.98
643496
635.%4
627.92
61990
61990
61190
603.90
595490
587.90
579.90
57990
57192
56394
555.96
54798
54700
540420
530482
521464
512646
503.28
494410
494410
484494
47578
466462
45746
44830

-

PRESSURE

MASS DENSITY

DYNE/CM2
0«15007€
0¢14131E
0e¢13297E
0e12506E
De12506E
0e11754E
Cell041E
0¢10365E
DeCT7247E
091175E
0«91175E
Q0e¢85426E
Oe799Y85E
JeT4B839E
069975
Ue65380F
Qe65380F
0¢61040E
Qe56941FE
0e53372E
Qe49423F
Ce45983E
Ve45983E
Ue42T744E
Le39696E
0e36830E
0¢34137E
0e316CSE
0¢31609F
0e29238E
Ue2T7V15E
0e¢24934E
0e22988E
0e¢21168E
0e21168E
Je19468E
Oel7878E
Tel6394E
3¢15010FE
Uel3721E
0e13721€
Cel2522E
Qellé4UBE
Oel0374F
0e94177E
Oe85325E

09
09
c9
09
s
09
09
09
08
o8
08
08
ve
8
c8
o8
ce
08
o8
o
08
u8
o8
8
08
08
09
08
o8
08
o8
oe
08
ce
08
08
ce
u8
0e
o8
08
08
08
08
07

T

Y

AT™

CeldtBl1E"

0e13946F
0e13123E
Vel2342F
Cel2342E
011601E
0.10897F
Cs10230F
0.95975E
0«39983F
0¢89983F
GeB84308E
078939€F
Ue 7T3B6UE
Ce69060E
0e64525F
0664525F
060242E
0e56196E
Ue52378€
Ce48776E
Ve45382E
0e45382E
Je&2185€

0.39177¢ ¢

0636349F
0e33691E
Ue31196F
0s31196F
0+2885%5€E
Ue26652F
Celbb0BE
0422687
0.20891F
0e20891E
Cel9213E

Oel7644E

Celbl79E
Oel4813E
Vel3541F
Del3541E
Oel2358E

Cell259E v

0el0239€
De92946F
Ve842V09E

G/CM3

0410132E 00
096343E=01
0e91560GE=01
086973£=01
Ce86973E=0D1
0¢82574E=01
De78358E=01
OeT74318E-01
070450E=01
0.66747E-01
0e66747E=01
Ve63202E-01
Ce59812E=01
0e56571E~-01
0e5347SE=01
050517€~-01
05C0517E=01
Vet TT44E~-01
0e¢45092E=C1
Ue/n2558E=Ul
Je4013€S=01
Je378283E-V1
0e37828E=V1
Ue35624E=01
0-335225-01
J¢31519€E-01
Je29612E~01
Je2779T7E~01
Ue2T7797E=01
Ve26UT0E=01
Ce24430E=ul
De228T1E-0]
021393E=~0]
Cel19991E=01
0¢19591E~01
0¢18703E~-01
JelT74TRE~Q]
Jel6314E~ul
Je15279E=01
Vel&l61E~U]
0+14161E=01
Oel3168E=01
Vel2227E=V]
Oell1338E=01
Oell49BE~V]

Ve9TUB1E=0D2

SLUG/FT3
019660E
0e18693E
Uel7765E
0e16875¢L
Oe16875E
0e16022E
0015203E
0e14420E
J+13665E
0e12951E
Cel2951E
Uel12263E
0e11605E |
J¢1C976E
0«13375E GO
0.98020€E-01

‘0¢98020E-01

092639E-01
Ce8T7494E=V]
0eB2577E-G1
De77882E~V]
0e73400E=~ul
Ce734uUut~v]
Ue69122£-01

0e65043E=-01

Ce61157E-01

0e57457E=01

0¢53935E~01
053935E~01
Ve50585E~C1-
00474028-01
Ve4i43TBE=-V]
0¢41505k-01
0e38789E~01
0«38789E=0]
C+3629CE=~01

Ce33513E~01

Ue31655E~01
Ce29511E-01

Ce274TBE=01

0e27478E~D)
Ue25550c=01
U>23725E=01
0e22000E=01"
Ve2C3T0E=G]
Ge18833E~D1

e —————- =t s - vo—
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VENUS

'MCR-70-89 (Vol III) |

TABLE F-2 (cont) |
MODEL ATMCSPHERE NO SP8011/V5

“EAN MOLECULAR MASS = 42440 GRAMS/MOLE

|+

-

DATE 04 AUG 1969

INITIAL PRESSURE =0¢169000E 09 DYNES/SGCM AT 604800 KM RADIUS
PRINT INTERVAL = 1400 KM

ALTITUDE IS ABOVE 6050.0 Kt RADIUS

ALTITUDE

KM

38000
39000
40.009
414000
42000
43.000
434000
444000
45,000
464000
4T7.000
48,000
48,000
49000
50000
51000
52000
53.000

53.000

544000
55000
56000
57000
58.000
52,000
59000

KFT
1244671
127952
131.233
134514
137795
1414076
1414076
1444356
147.637
150.918
1540199
157.480
157480
160761
1646041
1674322
170603
173.884
173.884
177165
1804446
183727
187.007
190.288
190.288
193.569

TEMP
KELVIN
448430
439616
430602
420.88
41174
402460

402460

393448
384436
375.24
366612
357.00
35700
347.88
33876

329.64

320452
311640
311440
303478
296416
288454
280492
273430
273430
271.68

PRESSURE

DYNE/CNM2
Ce85325E
O0e¢7T7149E
0e69612E
Je62675E
Ce56301E
O0«¢50455E
Ce50455E
Je¢45105€E
Oe40218E
0«35762E
031710E€
Je¢28933E
Ve28U33E
0e¢24705E
Ve21699E
Je18993E
0el16563E
De14388E
0e¢14388E
Oel2451E
2e¢10735E
0e92218E
Ce78894E
0e67210E
Ve67210E

07
07
07
o7
Q7
07
o7
o7
7
07
G7
o7
07
97
a7
07
07
o7
07
7
c7
06
06
06
06
vb

ATM
J+84209E
0e76141F
UVe68702E
0e61855€
Ue55565€
0e¢49796F
0649796E
Ce445]15€E
0¢39692F
0e35295E
Ce31296F
0.27667€
Ue2T667E
Cel4382F
Ve21416E

0e18745E

0el6346F
Celbl9SE
Cel&l99E
012288E
Cel10595€
Le91012E
Ue 7TT7863E
Ce66332E
0e66332€

01
vl
01
01
c1
(131
o1
01
01
01
01
01

01

0l
01
01
01
01
o1l
01
01
G
Go
co
ou
Cv

MASS DENSITY

G/CM3

0¢97061t=02
0eB958BE=U2
Ue82554E=02
0e75941E=02
0e69732E=02
0e63911E=02
0+63911E=02
Ve5E458E=02
0e53360E~02
0e48603E-02
0e44169E=02
0440045E=02
De4CO45E=02
Ve36216E=U2
0e32666E=02
0e29383E~02
0e26353E=02
0e23562E=02
0+23562E=02
0e2C902E=02
0418486E=02
0+16298E=02
Uel4322E=U2
0e12541E=02
0e12541E=02

SLUG/FT3

0e18833E=01

O0e17383E-01
0+16018E=01

0e14735E=-01

Cel13530E-01
012400E=01

0¢12400E=-01"

Oell342E=01
0¢10353E=-01

'0094305E-02

0¢85703E=-02
0.77701E-02

0e77701E~02

Ve70270E-02
063383E~-02

0¢51134E-02
Ce45718E~02
0«45718E=02
0+40556E=02
0+35869E~-02

0e31624E=-02 -

027789E-02

0424334E=02

0e24334E-02

1

1

0457013E-02

0e571USE
Je4B84T4E
0e41110E
0e34831E
0629483E
0029483E
0e24931E
0¢21059E
0e17769E
Gel14976E
0e12608E
0e12608E
DelG86UOE
0.88985E
OeT74S81E
Qe824GBE
0e52137E
0e52137€
242002 D643479E 08
(239444 $e36191F 05
236486 Ve30066E 05

Ve56358F
'30473405
Ue40572E
0e34375F
Vel29U98E
0¢29098E
Ve 24605E
0e20783E
Oel7536E
0e14780F
Del2443E
‘Cel12443E 00
velU4BlE 00
Ce87821F=01
0e¢73606E~01
Ve51592€=u]
0e51455€-01
0e51455€E=01
0+42910E=01
‘0¢35718E~01
0e29673E~01

UelUT19E~02-0e20798E=02
0e91536E=03 0e17761E=02
0e78098E=03 0¢15153E=02
0¢66572E=03 0412917E=02
0e56695E=U3 0e¢11500E~02 =~ |
0e56695E=03 0+11000E=D2
Vel 8265E=03 0e93650E~03
0e41046E=03 0+79644E~03
0e348T71E=03 0467661E-03 .
Ce29593E=03 0¢57415E=03
Ce25086E=03 0448676E=03
0e25086E=03 Ce48676E=03
Ve21286E=V3 Ue41301E=23
Ue1B8034E=03 0e34993E=03
0e15257E=03 0e29504E=0Y
Ue12888E=U3 0425007E=03
UelOBT70E=03 0421091E=03 .
CelUBTOE=03 Ve22091E~03
0e91616E=04 0e17776E=03

Ve TTUBLE=V4 0e14956E=03
Ve64T734E=0k 0412560E=03" "~

60.000
.61000
62.000
63.000
63.000
64.000
65000
€6.000
67.000
68000
68.000
69.000
70000
71000
72000
73,000
T73,00C
T4.000
75000
" 764000

196.85C
2004131
2034412
2060692
2060692
209.972
213254
2164535
219.816
2234097
2234097
2264377
2294658
232939
2360220
2394501
239,501
26424782
2464062
249343

27006
268Be44
266482
26542C
265420
263442
26164
259486
258,08
256430
2564030
253496
251462
249428
246494
244460
2644060

06
06
o6
C6
06
K¢1)
06
06
06
06
06
U
05
0%
5
U5
95

0C .
oo
00
oV
co
00
00
0Q
ov
oV

-
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VENUS

MCR-70-89 (Vol III) |

TABLE P-2 (cont) |
FODEL ATMOSPHERE MO SPA011/VS
“EAN MOLECULAR MASS = 42440 GRAMS/MOLE

INITIAL PRESSURE =06169000E 09 DYNES/SGC't AT 6048.,00 KM RADIUS
PRINT INTERVAL = 1400 KM

ALTITUDE IS ABOVE 605040 KM RADIUS

ALTITUDE

KM
77000
724000
724000
79.CC0O
04000
81.000
82.030
83.000
83,000
844000
85,000
86000
87.000
88000
88.C00
89.000
90,000
91.000
92.000
93.,00C
93.000
9400C
950090
96000
97.000
98000
92,000
99,000
100000
101000
102000
103.000
104000
105,000
106000
107900
1084000
108.000
1096000
110.000
111.000C
112,000
113.000
114,000
115.000
116,000

TEP
KFT KELVIN
2524624 234428
2554905 23170
2554905 231,70
2594186 229.28
262467 226486
265748 224444
2694028 222.C2
2726309 21960
272309 2194690
2756590 217446
2724871 215432
2826152 213.18
2854433 21104
2886713 208.90
2884713 208490°
291994 20670
2954275 204450
298556 202430
301.837 200.1C
3050118 197492
3050118 197.90
308398
311.679
3144960
310,241
321.522
321.522
3244803
328.083
3314364
3344645
3374926
341.207
34&.438
347,769
351.049
3544330
3544330
357.611
360892
366e173
367.454
370,734
374,015 190.80
377.296 193.85
3300577.196090

DR

19354
191.36
189.18
187400
18700
185.55
184.10
18265
18120
17975
178030
17685
175440
173.95
17250
17250
17555
178.60
181465
184.70
18775

19572

PRESSURE

DYNE/C2
Je24929E C5
Je20628E C5
Us20628E 05
0¢17035E 5
0¢14040E 05
CGell549E U5
0«94802€ G4
UeT77656E T4
Ve T7656E 04
0«63483E 04
0e51796E 04
Oe42178E 04
0e34278E 04
0«27800E C4&
O0e27800E 0&
0622499E 04
De¢1816RE 04
Jela638E 34
Jell1767E 04
094379E 03
'00943795 C3
0¢60270E 03
Je4T7985E 03
0+38108E 03
0e30185€ 03
0¢30185€ 03
0«23857E 03
0.18823E C3
031&82“5 03
Del1653E 03
0¢91440E 22
03716145 02
0e55980E 02
0e%3673E 02
0e34005E T2
0e626424E C2
Ve26424E. 02
0420558E G2
0¢16Q65E 02
Ue12607E C2
0¢99351F 01
CeTB8602E C1
0.62627€E 01
0649765€ 01

0e39815€ U1

Y

’

frmes w8 - = =

0¢75511E 03 Ge74524E-03

ATM
Ce246035~C]
CedlC355E=01
Je20U3585=01
Cel6812E=01
Ce13857E-01
vell398E=01
5e93562€-02
Qe 76640E-02
Ge76640E=02
0.62652E-02
Je51119E-02
0e41627E~02
Ue333829€~02
Ue2T436E-C2
Je27436E-D2
0e22204E=02
Cel7931£=-02
Del&a4T7E-02
Lell6lar=02
Ce932144E-03
0693144E=03

Ce59482E-03
0e47358€-03
0437610E-03
0.29790€-03
Ce2979CE-03
Ue23545E=-03
0.18576E~03
0e14630E~03
0+11501E-03
Ce90245E=Cé
0.70678E=04
0e55248E~Ch
0.43102€~04
0e3356CE-C4
Ce26078E-04
0026078E=-04
0e2V289E=04
0.15855E=04
Cel2442E=04
0.98052E~05
0eTT575E-05
0e61610€=05
0e49114E~05
039294E=05

T
P}

e e
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DATE 04 AUG 1969

MASS DENSITY

G/CM3
Ce54264E~=04
0¢45402E=04
0045402E~=04
0e37890E=04
0e31562E~=04
0e26241E~04
0621 775E=04
0e¢18033E=04
0e18C33E=04
0e14B887E=04
0e12267E=04
Je100B9E=Q4
0e¢82830E=-05
0e67866E=25
0467866E=05
Ve55508E=05
0.45307E=05
0¢36902E-05
0e29991E=05
0e24320E=05
0¢24320E=-05

0e19675E~05

0¢15880E=~u5
0e12787E=~GS
0e¢10272E~05
0.82318E=-06
Ve82318E=06
0«65570E=06
0e52140E-06
Ue41389E=V6

0¢32797E~06

0e25942E=06
0«20482E=06
0el16142E-06
Del2697€E=06
0e99692E-07
0e78118E=07
Ve78118E=07
0¢59721E=07
045872€=07
Ue35395E~07
0¢27431E=07
0.21350E=07
0el6685E~07

0e13091E=07.

0¢10312E=07

t.

R .
D e T BT SRS G,

SLUG/FT3

0e¢10529E-03
0e88095£~04
O0e88095E=04
0e73519E~04
0661241E-04
0e50916L=04
0e42251E~=04
0e34991E~04
0e34991E=04
0«28886Lt=04
Ve23803E=04
CelS957T7E=04

Cel6071E~04

0e13168E~04
0e13168E=04
0e1077TUE=U4
0e27911E-05
0471602E~05
0458192E-05
0e4T189Ew05
0e4T189E~D5
0+38176E-0d

0030813E~05")
0024812E~05 *

0el9932E-05
0¢15972E-05
0¢15972E-05

=N

0e12722E=~05 ..

010116E-05
080309E-06

0e63637E=06

0053336E-063%&°.

0039743E-06
0031321E~06
0624638E-06
0e19343E~06
0015157E~06
0e15157E=06
0611587E=C6

0489006E=07 ~

0e68678E~07
0.53225E=07
0441425E=07
0032374E-U7
Ve25402E~07
0e20008E~07

U

for
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RO Dug

‘:’..

VENUS

INITIAL PRESSURE =04169C00E 09 DYNES/SOCM AT
_PRINT INTERVAL = 1,00 KM

ALTITUDE IS ABOVE

ALTITUDE

KM
117.000
118000
118000
119.000
120000
121000
122330
1234000
124000
125300
1264000
127.000
1284000
128000

- 12940C0
120000
131000
132.000
133,000
1344030
135,000
136000
137.000
138,000
138,000
139000
140000
141.000
142000
143.000

1444000
145,000
1464000

© 147.000

148,000
148000
149,900
150,000
1514900
152000
153,000
154,000
155,000
156.000
157,000

© 71584000

KFT
383.858
387139
387139
39Ce419
393,700
3964981
400e262
4036543
406824
41J0.104
413,385
4160666
4194947
4196947
4236228
4260509
429790
433,070
4366351
4394632
442913

4460194

4494475
4524755
4524755
6564036
4594317
4624598
4654879
4694160
472440
4750721
4796002
4824283
4854564
485,564
400,845
4926125
49854406
498,687
5310968
5054249
508530
511.811
515,091
5184372

TENVP
KELVIN
19995
2034090
20320
204437
205e74
207.11
2CBe4&8B
209485
21122
212459
213.96
215033
21673
21670
222426
227682
233037
?38090
244653
25V ech
255462
261.18
266474
27230
27230
28500
297472
31040
323.10
33580
348450
361.20
373.90
386460
399,30
399430
414,98
430660
L646025
46190
47755
493429
508485
524450
540018

5ss.po‘

. - :
L e e eme o N - - - e e

MCR-70-89 (Vo1 IID)| .

TABLE F-2 aumt)l
ODEL AT“OSPHERE NO SPRO11/V5
M"EAN MOLECULAR MASS = 42440 GRAMS/MOLE

605040 K™ RADIUS

PRESSURE

 DYNE/CM2
Ce31966E
De25751E
Ce25751E
0e20795E
Uel6818E
Oel3622E
Je11049E
CeB9755E
De73011E
Ue5S4T4E
0e48514F
Je39628E
Je32613E
Oe¢32413E
D«26598E
Ce21934E
0¢18173E
0e15125€
Vel2642E LU
OelU610E OO
Je89358E=-U]
Ce75605E=-01
Ueb4169E~V]
0e¢54651E=01
0e54651E-01
Ve46791E-31
J¢40336E~0])
Ue34989E=-01
030526E~U1
Je26774E=01
0235%99E=0]
Ce20895E=01
018583E=0]1
016586E~0]
Je14862E~01
Jel4862E=V]
Vel3368E=~-U1
Cel2372E=01
201542E~01
099520E-U2
0.903015-32
JeB83094E~02
Ve T62%54E=02
CeTV161E=02
De84T715E=02
0e59831£-02

01
01
01
91
o1
01
J1
00
00
20
00
0o
Lo
09
00
00
00
00

ATM
0.31548€E-05
0e¢25415E~05
0e25415E-05
Ue20523£=05
Cel6598E=05
De13444E-C5
00109055-05
UeB88581E-06
D« 72056E=06
Ve58696E=06
Ce47B80E=-06
0¢439110E-06
Ve31989E~-U6
0e31989E=V6
0e26250E~06
0.21647E-CH
0¢17935E-06
Je14927E-06
Gel247TE-V6
Vel0471E~UE
Je88229E-07
0e74616E-07
Ve63330€~u7
0¢53936E=07
0¢53936E-07
0e46179€-07
0e39809E=07
0e34532E-07
0e30127€E=07
0e26424E-0T
0023290E=07
0420622E-07
Ge18337E-07
0e16369E~07
0e¢14668€-07
Vel4668E=VT
Uel3193€-07
0e¢11914€E=07
0¢10799E=07
Ce98218€E=08
Ceb89614E-08
0«82007E=C8
Ve75257E=08
$e69244E-08
Ve638695=08
0e590649E-08

DATE 04 AUG 1969

6048,00 K4 RADIUS

MASS DENSITY

G/CNM3
VeB81528E=UB
0664692E=08
Ceb64692E-08
Ue51891E=U8
0e41688E=08
0e337 L2E=~08
Je27C28E=~u8
Ue21811E=-08
Cel7627E~08
0e14266E=~08
0.11563E~08
J¢93852E~-09
Ue7628JE~U9
076280E~09
0e613528E=09
0+49098BE~CY
0439711E~09
0e32281E-09
0e26368E~09
Ve21638E=U9
JelT7335E=CY
0e14762E-09
Vel2268E~u9
Uel10235E-09
0e¢1C235E-09
0e83726E-10
Jeb9097E~10
0e57485E-10
0¢48181E-10
0e40661E-10
0e34532E~10
0429501E=10
0e25341E-1C
0421879€~10
018981E-10
VelB8981E~-10
0el16429E~10
0e14297E-10
0¢12504E-10
VelC9BT7E~1V
Ve96964E~11
J085918E-11
0e76421E~-11
0e¢68217E~11
0¢61099E=11_
Q0e54897€E=11

e M i e e et

Y

e o e -

SLUG/FT3

0e15819E=07 ~

0e12552E~07
0612552E~07
0e10068E=07
0e3088bE-08
0.65082E~08
Ce524%3E-08
0e42321E-08
034203E~08
0e27682E=08
0e22436E~08
0.18210E=C8
Vel48UUE=LS
0«14800E-08
Oe¢l1841E~08
095267E-09
0«77052E~09
Qe62636E~0Y
Ue51163E~09
0e41585E~09
0e34605E-09
J«28643E~09
0e238VU4E=UY9
019855E=09
0¢19859E~09
Celb245E=Q9

0e13407E-09

0e11154E-09
0¢93488E-10

Oe78895E-10 -

0¢67004E=10
0e57242E=10
Je49170E-10
Ces2653E=10
0436830E~10
0e3683UE~10
Ge31879E~10
0027742E-10
0¢24263E~10
0¢21319E-10
0¢18814E=10
0016670E~10
0e14826E~10
0¢13236E~10
0e11855E~10

0e10651E~10
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| P-14 |

VENUS

ALTITUDE 1S ASOVE 605040 KM RADIUS

ALTITUDE
KM
1584000
159.000
160.000
161000
162.000
163.000
164600
1654000
1664000
© 1674000
168000
1684000
169.900C
1704000
171.0C0
.172+000
173,000
1744000
1750000
176+C30
177.000
1784000
178.000
179,000
1804000
181.000
182,000
183.000
184.0C0
185.000
1864000
187.0006
188.000
188.G00
189.,0C0
190.000
191.000
192,000
193.000
194000
1554000
1964000
197000
198,000
198000
19900

KFT .
51Pe372
521553
524934
52P«215
531.4%6
5344776
5384057
541.338
S4LeH]1S
547.9C3
551131
551.181
554461
557742
561023
564304
5674585
57C«866
574146
577427
580708
583,989
583.989
587.270
590551
593832
597¢112
6004393
603674
606955
610236
613517
616797
616757
6224078
6234259
626640
629921
633,202
6360482
639.763
6434544
6464325
649606
649+606
6524887

CR-70-89 (Vol I11) |

!

TABLE F=2 (unm)'i

MODEL ATYOSPHERE NO SP8011/VS
MEAN MOLECULAR YASS = 42440 GRAMS/MOLE , . :
INITIAL PRESSURE =04169000E 09 DYNES/SOCY AT 6043400 KM RADIUS

PRINT INTERVAL = 1400 KM .

TEVP
KELVIN
555480
56775
57971
591 628
603.64%
615459
62756
639451
65148
663e44
67540
67540
683486
692.32
703678
70924
717.70
72616
734662
74308
75154
76CeC0O
760630
766469
77320
779820
786440
793490
76960
806620
812.80
819640
826023
82650
829063
833626
836829
B840e51
844415
84778
851 ¢40
8554064
858067
86230
86233
865099

PRESSURE

~ DYRE/CM2

Oe59831E~U2
0e5542RE=D2
Oe51438E=U2
De47816E=-C2
Je44519E~C2
Ce41512€-02
Je387665-02
0e26252E-02
Ce35394¢E=02
0e¢31830E-02
0e29882E~02
029882E=02
Ve28082E~0U2
0e26412E~02
0e24862E=D2
0e23422E=02
Je22082E=02
Ve20834E~02
Oe15671E-~02
0e¢18586E=U2
Cel7574E=02
Uel16628E-02
0¢16628E-02
0¢15742E-02
0el4912E~U2
0e14134E~02
Ue13404E-C2
0¢12719E-C2
0e¢12075E=C2
0e11469E-02
0e¢10899E-02
06103263E~-C2
0e98584E=03
Je98584E=L3
Ce93817E=03
0e89308E-03
0e85041E~C3
0e81C03E=03
Qe¢77180E=03
0.735585‘03
Oe70127E-03
0:66875E=-03
0e63792E=0)3
0¢60862E=D3
Qe50868E=03
Ue58U94E~03

-

cnatm g v wm V) cMmar. e tmia s
.

ATM »
0¢59049E~08
0e54703E=08
veD0766E~08
Ce4T190E=08
Ce&3936E-08
Je4097T0E~-08
0e38259E~08
0e35778E-08
0e33503€E=-08
Ue31413£-08
Ce29491E-08
0e29491E-08

Vel TT158=08

Ce2606TE~08
Ce24537E~08
Ce23116E=-08
0e21793E-08
0e20561E=-C8
0e¢19414E-08
0e18343£-08
Oel7344E-08
0el641CE=08
0e16410€-08
0e¢15536E~08
Uela717€~08
O0el3950E-08
0e13229€=U8
Uel2552€-08
Cell9l7€=08
0e11319E-08
0.10757€~08
0e10227€-08
0e97295E=09
0e97295E=09
0e92590E=09
Ce88140E=09

083929E-09 -

0. T9944E=CY
0.76170E-09
04 72596E~09
0069210€-09
045600UE=09
0462958E~09
0460072E-09
0e6U0T72E~09
VeST334E=U9

]

. e me s

l

DATE 04 AUG 1969

L3

MASS DENSITY :

G/7Ci43
Ce54897E-11
Ce49701E~11
Oe45098E~11
Oe41C10E~11
Ue37370E-11
Oe3412CE~11
0e31212E~11
0.286045-11
Jel626CE~11

De24149E~11

Ce22243E-11
Jel2243E~11
Ve2628E~11
Je19150E-11
0.17795E-11
Cel6551E=11
0¢15409E-11
Uels359E~-11
Cel3392L=-11
Gel2501E~11
Q0el1679E~11
001C920E~-11
Cel1C920E~-11
UelC234E~11
Ce95969E~12
VeSUUSHE=12
Je&4560E~-12
Ce79451E=12
UeTLH9TE=12
CeTL2T0E~12
Jeb6146E=12
Ce62300E=-12
0e58711E=12
ve58711E-12
ve55542E-12
Ce52562E~12
Celt$ST58E~12
Ve4T120E-12
Cot4b636E~-12
Qe42297E~12
Ue&U094E=12
0e33018E=12
Ce36060E=)2
0e34214E~=]12
Ue34214E~12
Ve3249VE=12

SLUG/FT3
0e10651E=10
0e96436L-11
UeB87505E~11
Ce79573E~=11
0e72510E=-11
0e66205E~11
0460G563E~11
0e55502E=11
0e50954E-11
0e46857E-11
Ue43159E=11
0e43159E=11

Wed0U26E~11

0e37157E=11
0e34528E=11
0432115E~11
0+29899E-11
Ue27861E~11

0e25985E~11 =

0e24256E~11
0e22662E-11
0.21189E~11

0421189E=11 .

0.19857€E=-11

0e18621E~11

Vel7473E-11
Uel640T7E~1]

Uel5416E=11 |

0e14493E~-11
0el13634E~-11
0el2834E~]1
Cel2088E~-11
0¢11351E~-11

0011391E-11 ™

0410777€~11
0410198E~11

0¢9654T7€E=12

0e91428E~-12

CeB6609E=-12.
0482071E~12

Ve77796E~12
0e73767E=12

0¢69969€=12

0¢66387€E~-12
Veb6387E~12

0+63042€~12 ~

cm————




G AT R LI L MR e n e 1

VENUS

ALTITUDE 1S ABOVE 605040 Kit RADIUS

ALTITUDE

KM

2004000

201.C00
202,000
203.000
204,000
205.C00
206000
2C7.000
208.000
2084000
209000
210,000
211.000
212.000
2134000
214.000
215.000
216000
217.000
218.000
218.000
219000
220000
221.000
222000
223.000
224000
225000
226000
227.000
228000
2284000
229000
230,000
231,000
232.000
233.000
234,000
235,000
236000
237,000
238.000
238.000
239,000
2404000
2641.000

e

KFT
656167
659448
6620729
6664010
6694291
6724572
€750853
6794133
682414
682414
6854695
682976
6924257
695538
6984818
702069
7054380
7084661
711942
715.223
715.223
718503
721784
7254065
722346
731627
134,908
738.188
7410469
7444750
Tare031
T4r031
7516312
7544593
157874
761154
7644435
767716
7706597
7174278
777559
780839
7800839
7844120
787.40]
7900682

—_—— e e

TEMP
KELVIN
86788
870,67
873646
876425
879.04
881.P2
884462
88743
890429
890620
89176
893634
894.90
896448
898405
899462
901.19
90275
9C4.32
905490

90590

906498
908406
909.14
91021
911.30
912.38
913.46
91454
915.62
916673
91670
917.31
$17.92
918453
919414
919475
920636
920496
92157
922419
922480
92289
923,20
923.59
92400

K

. me

o —— e g e e

MCR-70-89 (Vol III)!

TABLE P-2 (cont) |

VODEL ATOSPHERE NO 'SPRO11/VS
MEAN MOLECULAR MASS = 42440 GRAVS/MOLE

INITIAL PRESSURE =20,169000E C9 DYNES/SQCM AT 6048.00 KM RADIUS
PRINT INTERVAL = 1400 KM

PRESSURE

DYNE/CM2
0¢554580E-V3
0e52958E-03
Je50581E-03
0e48323€E~-03
Ce46177E-03
Cel4137€=-03
Ce&42196E~-03
Je40350E~03
Ce38594E=03
Ce38594E-03
Je365225=C3
0«35328E-03
0¢33809E=C3
Je32361E-33
<e30980E~03
0e29663E-03
0e28406E~C3
v-272085‘03
0e26J64E-C3
0e24572€-03
0e24972E~03
Qe23930E-03
022935E-03
J+21986E-03
0e21079E~03
020212€E-03
0¢19385E=03
0¢18594E-03
0e17838E~-03
0e17116E-03
0¢16426E=03
Cel6426E~03
Je¢15765E-03
Je15134E~-0L3
0¢14530E-03
0¢13951€E-03
0¢13358E-03
O0¢12868E=-03
0e12361E~03
Cell876E=-03
0¢11411E=03
0010966E~-03
Sel0966E~U3
0¢10539E-03
0¢10131E-03
0¢97407E~=04

e L i R
3

ATV
0e54734E-C9
Ve52265E-09
Ce49920E=CY
0e47691E-09
0e45573E-09
06435598=09
0e1644E-09
0+39823FE=-09
0e3809CE=-C9
0¢38090E=09
0e36439E-09
0e34866E~CG
0.333675’09
0e¢31938E=-09
5e30575E=09
0e29275E-0S
0¢28035E=09
Ue26852E~09

'0e25723E~-C9

Ce24646E=09
0e24646E=09
0e23617€-09
0.22635€~09
0e21698E-09
Ue2UBO3E=LY
0el19948E=-09
Cel9131€=-09
0e18351E=09
00176C5E=C9
0+16892E=09
Je16211€-09
0016211€=09
0e15559E-09
0e14936€-09
Cel4340E=09
0el3769E=09
0413223€-C9
0.12700E=09
0¢12200E=C9
0e11721€-09
0e11262€E-09
0e10822E~09
UelUB22E=09
0410402E-09
0099992€-10
0496133€-10
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DATE 04 AUG 1969

MASS DENSITY

G/CM3
Ve30862E=12
Ded§323E-12
JeldT7868E=12
0e26492E~12
06¢25191E~-12
0e23961E-12
De22796E~12
Je21693E~12
0e20649E-12
Qe20649E=12
Ve19684E~12
0e18767E~12
0e¢17896E~12
0el7069E=12
UVel6282E~12
0e15535E=-12
Cel4825E-12
Velll50E=-12
0«13508E~12
0612897E=12
0e12897E~12
Vel2315E~12
Oell761E=-12
0ell234E~12
VelUT732E~12
VelU255E~12
0«98008BE=~13
0e93681E~13
0489560E~-13
0685635E~-13
0e81897E~13
0+81897E-13
Qe78361E~-13
0e74990E=13
De71774E~-13
Ce6B8706E=-13
0.65779E~13
D¢62986E-13
0060321E=-13
Ve57776E~13
05534 7€E~-13
0e53027E~13
Ve53027E~13
0¢50788E=-13
0¢48651E~-13

'o.aaex:e-xs

SLUG/FT3

Ue56812E~12
Ue568V6E~12
Ce54073E~12
0e51404E~12
Oe48860E~12
0e46492E~12
Oeb4232E~=12
Cef23526E~12
Ce40066LE=12
Ue4C066E-12
Oe38193E~-12

0e36414E~12 .

0e34672415~12
0e33119€~-12
Le31594E-12
0e32144E-12
0e28766E-12
Ue2T7456E~12

Ce26210E-12
0e25025E-12
0025025E'Iu
0e23895€E~1%
0022820E~12

Ce21797E~-12
0e20824E~12

Jel9896E~12
Je19016E~12
0e18177E~12
Cel7377E~-12

Celb616E=-12"

0e15890£-12
0015850E~12
Vel15204E-12
0e14550E-12
0e13926E~12
Vel3331E=]12

0e12763E-12.

O0el2221E~12
Oell704t~-12
Vell21UE~-12
0e10739E~-12
0010289E-12
Vell289E-12
0.98545E~13
0e94398E-13

0050461E=13
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. TABLE 7-2 (conel) | ! !
VENUS MODEL ATMOSPHERE NO S$P8011/V5 DATE 04 AUG 1969

MEAN MOLECULAR MASS s 42440 GRAMS/MOLE
INITIAL PRESSURE =0¢169000E 09 DYNES/SQOCM AT 6048.00 KM RADIUS

N

- .- - B T TSL Y o

St

PRINT INTERVAL = 1400 KM

ALTITUDE 1S ABOVE 605040 KM RADIUS

TEMP
KELVIN
924440
924,80
925020
925459
92600
926440
926080
926480
92700
927421
92743
927.64
927.84
928006
928426
928448
928469
928450

ALTITUDE
KM KFT
242000 793.963
243,000 797,244
2444000 8304524
245,000 803,805
246000 807.086
247000 8104367
2484000 813,648
248000 813.648
249¢C00 8164929
253000 8204209
2514000 8234490
252000 £264771
2534000 830,052
2544000 233,333
255000 85364614
2564000 839,895
257000 843,175
2584000 8464456

DYNE/CM2
0e93662E=~04
0¢90075E~04
VeB86637E~04
Ce83343E=04
C«80185E~04
0e¢77159E~04
0e74257€E=04
0e74257€E=C4
0e71474E-04
0¢68806E=04
0:66246E=04
0e63790E-04
0e61434E-04
Ce59173E~04
0e57003E=04
0¢54920E~C4
052920E~-04
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Oe85504E~10
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0e79137€-10
UeT7615VE-1C
0e73286E-10
Ce73286E-10
0e70540E-10
0e67906E-10
065380E=10
0¢62956E-10
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MASS DENSITY

G/CM3
0e44664E~13
0e42806E=13
0e41031E~13
0.39336E~13
0.37717€=13
Ve36170E~13
0e34692E~13
0034692E-13
0.33279E-13
0031929€=13
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I. TRIAL MISSION SUMMARY

A. PURPOSE OF TRIAL MISSION

The trial mission system was configured as an effective nethod
of early problem identification, although a high percentaga of
design data and techniques developed were applied directly to the
subsequent baseline mission studies. It is important to recognize
that the trial mission was a means to an end and not a recommended
configuration. 1Its identification and discussion here is to i1~

lustrate its usefulness as a mission design tool.

B. TRIAL MISSION DESCRIPTION

1. General Discussion

The trial miesion is composed of eight separate entry probes,
which are mounted on the modified Mariner spacecraft (Configura-
ticn 20a) by means of a common capsule adapter. The eight probes
include three basic types of probes: ballistic descent probes;
high cloud probes; and balloon probes. These probes are supple-
mented by upper-atmospheric instruments mounted on the impacting
spacecraft. The ballistic probes are identified as '"large" or
"gmall" due to varied instrument complements. Table G-1 summa-
rizes the trial mission probes and target zones selected.

The instrument complements selected for the trial mission
probes are identified in Table G-2.

Pt
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Table G-1 Trial Mission Probes and Target Zones

robe Type Objectives Target Sites

Large Clouds, Atmospheric Light-Side lMorning

ballistic {Structure, Atmosphere | Terminator
Dynamics

Sinall Provides Distribution One Subsolar

ballistic Jof Above Each } Antisolar

Pole
High Clouu |High Cloud Composition Subsolar

One | Light-Side
Each {  Morning
Terminator

Balloon General Circulation

Two
Each } Subearth

Unpacting | Upper Atmosphere
Spacecraft

Light-Side Morning
Terminator

Table G-2 Trial Mission Instrumentation

Large Ballistic Probes

Pressure

Temperature

Radar Altimeter (70 km)
Mass Spectrometer
Solar Radiometer
Thermal Radiometer

High-Cloud Probes

Pressure
Temperature
Nephelometer
Solar Radiometer
Cloud Composition

Nephelometer Balloon Probes

Cloud Particle Number, Density, Size

Evaporimeter/Condensimeter $£§s§$§§ure

Cloud Composition 501§r Radiometer

Accelerometer Transponder

Transponder P

UV Photometer Impacting Spacecraft

Small Ballistic Probes Neutral Particle Mass
Spectrcmeter

;PGSS:::ure Ion Mass Spectrometer

empe Electron Temperature and
Acceleration Dens{ty
Solar Radiometer Television

Thermal Radiometer
Transponder

Microwave Imager
Dayglow Photometer and
Spectrometer




MCR-70-89 (Vol III) G-3

2. Ballistic Frobe Description

The large and small ballistic descent probes are similar in
design and operation, but differ primarily in the instruments they
carry, which affects their overall size. Both contain a pressure
vessel designea to witiistand the thermal z2nd pressure environments
all the way to the planet's surface. The science instruments and
supporting subsystems are housed within this pressure vessel. A
conic skirt is added te the pressure vessel to provide aerodynamic
stability during subsonic descent. All the items are contained
in a blunt cone aeroshell/heat shield for eantry, and ars extracted
by parachutes. Figure G-1 presents the major configuration char-
acteristics of the trial mission ballistic probes.

Deflection Propulsion

Science &
Communication

Main Parachute
8 =0.01 -0.1

Drogue Chute Entry Aeroshell

Descent Capsule
8 =20 - 3.0
(Subsonic)

Pressure Vessel Fotry B « J.4 slug/ft?

Fig. G-1 Trial Mission Ballistic Probe Characieristics
3. High-Cloud Probe Description

In the instrument selection process for each target sitz, the

first ballistic probe was found to require a large instrument com-
plement, which, in turn, defined a rather ‘'arge prote. Some of
the instruments, however, required deployment at a very high alti-
tude (i.e., a radius of 6130 km) to be effective, and required a
slow descent rate at these high altitudes to be compatible with
sample-acquisition and processing times. Providing the necessary




G-4 MCR-70-89 (Vol III)

deplorment altitude and descent velocity to the large probe would
have required large supersonic decelerators, and extremely large
parachutes would have been needed to produce the required subsoni-z
ballistic coefficients (in the range of 0.005 slug/ft?). Since
relatively few instruments required those conditions (operation
above a radius of 6120 km), and since these instruments would be
of less value at lower altitudes, it was determined that they
: should be placed in an extremely light probe designed to operate
only above a radius of 6100 km. This would aliow the use of super-
sonic decelerators similar to those already tested, and the size
of the main parachute could be reduced to an acceptable percentage

of entry weight. Hence, the high-cloud probe was configured to

Prenre a e s o

contain the high-cloud instruments, no protection was provided
against the pressure and temperature environments to be encountered
at lower altitudes, and the probe's mission was to be considered
complete at the 6100-km radius level. At this time it cnuld be
switched to a noncoherent data link to avoid interference with i
the cther probes, and it could be monitored until its destruction

by the environment. See Fig. G-2 for the characteristics of the

éq%>_,,— Deflection Propulsion
/ﬁ

— Entry B = 0.2 slug/ft?

high-cloud probe.

Ballute
Parachute B = 0,005

- 600
Vented Instrument '

Container
/
~— R, = 2.0

Entry Aeroshell

Fig. G-2 Trial Mission High-Cioud Probe Characteristics
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4. Balloon Probe Description

The balloon probes are instrumented gondolas supported by
hydrogen-filled balloons. They are contained within an aeroshell
for entry in the same fashion as the ballistic and high-cloud
probes. However, their deployment altitude 1s not as critical
since they will return to the density altitude for which they were
designed. Their float altitudes are the 50- and 500-mb pressure
zones, and their primary data are via the transponders and rang-
ing used to track their positions. The general configuration of
the balloon probe is depicted in Fig. G-3.

Parachute —_____
Balloon Canister 7 T~
e 45°

Gondola - .
Vented Instrument

Deflection ¢ropulsion

H, Tank

Entry B = 0.6 slug/ft?
Fig. G-3 Trial Mission Balloon Probe Characteristics

5. Planetary Vehicle Configuration
The Planetary Vehicle is designated as that equipment placed

on the interplanetary transfer trajectory. It includes basically
the modified Mariner spacecraft, the eight entry probes (includ-
ing their deflection propulsion systems and biological canisters),
and the common capsule adapter. The capsule adapter is configured
to provide a clean interface between the probes and the Mariner
spacecraft and combines all common signals, requirements, and
support-function interfaces. It includes the structure that adapts

the probes to the spacecraft, and carries electronic equipment

G-5

e et st e g
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such as separation sequencers, power-conditioning equipment, bat-
: teries, and separation mechanisms. Figure G-4 shows the general
arrangement of the Planetary Vehicle within the outline of the
payload fairing.
A weight summary for the trial mission is shown in Table G-3.

~ Table G-3 Trial Mission Weight Summary

5 Deflection Probes
Probe Weight Breakdown (1b) Entry | Propulsion| Installed on
Ay Communi- | Descent | Decel- Aero- | Weight Weight Planetary Vehicle

Probe Type | Target (m/sec) |Science| cations | Capsule |erator(s)| shell{ (1b) (1b) (1b)

Large LSMT 5 75 55 275 15 198 488 4 552

High Cloud | LSMT/SS 5735 25 30 HY %4 116 281 3/10 343/350

3}

' Smail P/SS/AS 17/41/50 11 41 114 34 81 229 10/3/10 3@ 285 :
; Balloon S0 mb LSMT | 5 10 50 217 13 123 353 3 405
i 500 mb 183 11 317 368
i
§ Probe Total 2873
: Modified Mariner (plus Probe Adapter Structure) 1171
! Grand Total 4044
13
¢ Mi<zion Margin +106

iy g b AL Ao e Al S s S 8
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C. TRIAL MISSION OPERATION

The trial mission utilizes a Type I1 trajectory to Venus and
an arrival date of 10/31/75. A 10-day launch period is considered
from 5/25/75 to 6/4/75. The maximum value of C, for this mission
i 6.0 km’/sec’ and the maximum VHE is 3.6 km/sec. The Titan
{ IIIC's payload capability for the mission is 4150 1b. The com-
munication range is 95 x 10° km, and the maximum mission time is

159 days. All launch and midcourse maneuvers were considered to

e 2o serite -

be accomplished in the normal fashion for the designated systems
so that the study effort could be concentrated upon the deflec~-.
tion, approach, and entry portions of the mission. '

Since the parametric flight mechanics studies (discussed in !
detail under the baseline mission summary) and the methodology are !
applicable to both che trial and the baseline missions, only the
resulting parameters for each mission phase will be included here. /

The deflection and entry parameters for an impacting space-
craft mission are defined in Table G-4. The impacting spacecraft
1s targeted near the light side of the morning terminator site

(LSMI). The periapsis radius is 3200 km. The uctivity sequence
is shown 1in Fig. G-5.




it s S v ohon Areae o

MCR-70-89 (Vol III)

Table G-4 Deflection and Entry Parameters for an Impacting
Spacecraft Mission*

G-9

Entry Altitude
Entry Velocity

35,367 fps (10.78

815,000 ft (6300 km);

km/sec);

Deflection Radius = 4 x 10" km;
Deflection Angle = 20° (160" for

balloons).
Tarqets Subsolar | Polar [Antisolar LSMT
Lalitude (deqg) 0 -60) f! =30
Longitude (deg) 291129 bHY 147 A2
Lntry Flight Path Angle, v (dey) |50/4% 24 35 44
Entry Angle of Attack, " (deg) 34/38 51 45 34/27
Detlection Velocity (m/sec) 35/40 17 60 5 fud/12
retro
Time from Deflection to Entry (hr){296.8/ 298.3 295.0 299.6/
296.5 301.2
Maximum Entry Load Factor (g) 393/352 | 196 275 x/337/
341/352
Probe Types Small/ Small Small S/C/Large/
Cloud Balloon/
Cloud

*Subearth point is at 3.3° latitude and 93.97° longitude.
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D. TRIAL MISSION CONCLUSIONS

The trial mission study effort resulted in a mission defini-
tion that would produce a good, but not an optimum, science data
return. The trial mission utilizes essentially all the Titan
IIIC's payload capability. The number of probes to be entered
leads to complicated, but not unfeasible, separation and activity
sequences.

The trial mission has brought out the need for the high cloud
probe, and the desire for balloon/transponder probes. It has
shown that, by properly applying the deflection velocity incre-

ment, coherent communications may be maintained with all entry

probes within the capability of the deep space communications net.

The most significant contributions of the trial mission def-
inition are that no insoluble problems were discovered, and that
the solutions developed for the trial mission can be applied with

confidence to the baseline mission studies.

G-11
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II. TRIAL MISSION STUDIES

A. REQUIREMENTS

- A mission that encompasscd all likely probe-type candidates

: and operating modes was identified in the early weeks of the study
to aid in identifying potential items which would require more
study. The mission that was selected was purposely complicated; 7
it contained eight separate probes, and used an impacting space- i
craft. The science objectives were obtained directly from the
18 science questions in Appendix D. This effort was limited to

i defining the gross configuration of all probes and the packaging

on the planetary vehicle, selecting the science instruments, and

determining the flight-mechanics parameters.

i B. ENTRY PROBE STUDIES

1. Trial Mission Science Capabilities

In retrospect, the trial mission is both reasonably feasible
é and reasonably adequate for the accomplishment of the scientific
objectives; it is not, however, an optimum mission and, in some
; cases, the accomplishment of the desired objectives is superflu-
ous, while in others, it is less than ideal. For this reason, it
has proved useful as a base from which redundancy can be removed
and on which improvements can be made. The specific trial-mission
probe configurations have also provided bases for investigating
mechanized instrument sampling and data handling during descent.
Finally, the particular problems encountered have led to a reex-
amination both of the science mission requirements defined earlier

ROt
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in the study and of the methods selected to meet those require-
ments (e.g., probe types, instrument mechanization concepts, data
handling, etc). This, in turn, has led to the identification of
tradeoff studies which were not obvious at the beginning of this
work.

The arrival date selected for the trial mission is a result
of the requirement to investigate variations between the subsolar,
polar, and antisolar regions and the requirement for a direct-
earth communication link. As shown in Fig. G-6, all three regions
are within view of Earth for this arrival date. Earlier arrival
dates give poor viewing of the most interesting region on the
planet -- the subsolar region -- while later arrival dates in-
crease both the communication range to Earth and the entry flight
path angle at the subsolar region (steep entry flight path angles
are undesirable since deployment above the clouds is extremely
difficult). Fortuitously, the selected arrival date also provides
the maximum payload capability.

The trial mission targeting is also summarized in Fig. G-6.
The large probe, which contains all of the proposed instruments,
is targeted to the lightside of the morning terminator, well withia
view of Earth, at the point labeled 2. This was done since it was
not certain at the time whether the high data rates could be rea-
sonably achieved near the surface at the limb (subsolar). The
two (500- and 50-mb) balloon transponder probes were also targeted
there due to the uncertainty in the wind pattern. The impacting
spacecraft was also targeted to the same general vicinity since
that required rhe least AV. The small probes were targeted to
the subsolar, polar, and antisolar regions to obtain information
in the variations in atmospheric and cloud structure between these
points. The high~cloud probes were targeted to the subsolar
region and to the light side of the morning terminator to comple-
mont the information from the small and large descent probes at
those points.

G-13
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The three general types of probes selected for the trial mis--
sion are a direct result of the requirements to observe the atmos-
phere and clouds from above the cloud tops to the surface and of
the penalties forced on the design of a single system to neet
these requirements over the extreme range of environmental condi-
tions between the cloud tops and the surface of Venus.

The particular terminal-descent (postentry) vallistic coef-
ficients for the trial mission probes and the staging (parachute-
release) altitudes were selected to meet the requirements of the
cloud objectives in the region of the clcud tops, to complement
one ::other in altitude coverage, and to make the descen. times
compatible with reasonable thermal-control and power systems. The
selections were made without the luiury of complete parametric
data. The resulting descent profiles and coverage are shown in
Fig. G-7 and G-8.

The instrument complements for the various probe configura-
tions of the trial mission are summarized in Tables G-5 thru G-8,
which 1list the sample time intervals selected for each instrument
to meet the specified altitude sampling intervals. The minimum
sample time for the cloud composition experinent (300 sec) was
the controlling factor in selecting B = 0..005 slug/ft? for the
hizii~cloud probe. The analysis was based on the !MC Lower Density
Model Atmosphere, since this represents the worst case, in this
instance.

2. Trial Mission Probes

The probe configurations evolved for the trial mission are
shown in Fig. G-9 and G-10. A summary of probe weights is given
in Table G~9. These types of probes evolvesd intc the final ver-
sions uged for the baseline mission and arce described in detail
in Vol II, Chapter 1II, Sections B thru ?7

by B
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3. Trial Mission Probe Deflection, Entry, and Descent

The deflection and entry parameters for the trial mission are

shown in Table G-10. The spacecraft is on an impacting path and
is targeted near the light side of the morning terminator. The
spacecraft's periapsis is 3200 km, and its entry characteristice
are similar to those shown in Table G-10 under the LSMT target.
Except for the balloon probes all of the probes are deflected
forward at an angle of 20° from the spacecraft's velocity vector.
The balloon probes are deflected backward to achieve the desired
staggered entry times.

The entry times and active experiment durations are noted in

e e b Re St Ly s 8 AT N

Fig. G-11. The times are based on a 150-day mission. The probe
{ operating times are staggered so that no more than two probes
are working at one time and so that these two probes are at the
same target area. The deflection impulse occurs nesr 3300 hr.
Descent profiles for each type of probe and target are pre-
sented in Fig. G-12 thru G-19. )
Table G-10 Deflection and Entry Parameters for the Trial Mission*

: Entry Altitude = 815,000 ft (6300 km); Deflection Radius = 4 x 10° km;
; Entry Velocity = 35,367 fps (10.78 km/sec); Deflection Angle = 20° (160° for
) balloons)
Target. Subsolar | Polar | Antisolar LSMT
) Latitude (deg) 0 -60 0 -30
Longitude (deg) 25/12.5 55 157 66
Entry Flight Path Angle, g (deg) | -50/45 | -25 =35 -45
Entry Angle of Attack, ag (deg) 34/38 51 45 34727
‘ Deflection Velocity (m/sec) 35/40 17 60 5 fwd/12
| retro
‘ Time from Deflection to Entry 296.8/ 1298.3| 295.0 |299.6/
(hr) 296.5 301.2
Maximum Entry Load Factor (g) 393/352 | 196 275 x/337/
341/352
Probe Types Small/ Small Small S/C/Large/
Cloud Balloon/
' Cloud
*Subearth point is at 3.3° latitude and 93.97° longitude.

EF |
k|
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| Spacecraft Based on 150-Day

Small Impact Mission
Antisolar [

High-Cloud
Subsolar I
]

Small
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|
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Small Polar I '
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e s
|
I
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Balloon
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Balloon
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3595 3600 3605
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Fig. G-11 Activity Sequence - Trial Mission
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4. Trial Mission Telecommunications Systems

The telecommunicatien systems on the four probe types included
in the trial mission do not differ greatly from those on the final
baseline and optional missions. These systems will be described
briefly below, with emphasis on the differences between them and
the ones on the final missions.

a. Large Probe Telecommunication System - The large probe was

targeted closer to the subearth point on the trial mission. The
communication angle, ¢, was 40°. A 1.2-) annular slot antenna was
used to match this targeting; its radiation pattern is shown in

Vol II, Chapter ViI, Section E. A 25-W TWT transmitter was used.
The data rate was set at 83 1/3 bps. This was not switched to a
lower rate for the lower atmosphere because the atmospheric losses
at ¢ = 40° are much lower than those at 70°. Preentry communica-
tions for the flyby spacecraft option was not considered on the
trial mission. Aside from these differences, the system is essen-
tially the same as that described in Vol II, Chapter III, Section B

for the final mission.
b. Small Probe Telecommunications System - The small probe

studies in the trial mission is smaller and has fewer instruments
than the small probe in the final mission. A bit rate of 33 1/3
bits was selected. A 10-W TWT transmitter provided enough margin
to allow this data rate to be carried all the way to the surface.
Aside from these differences, the system is essentially the same
as that described in Vol II, Chapter III, Section B for the final
mission.

c¢. High-Cloud Probe Telecommunication System - The high-cloud

probe on the trial mission had the same instrument complement as
in the final mission, but a lower bit rate, 25 bps, was assumed.
At that time, the 2-way Doppler requirement was not abplied to
the high~-cloud probe, so noncoherent signalling was assumed. The

transmitter was sized at 5 W, and a solid-state amplifier was as-

sumed.
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d. Balloon Probes Telecommunication System - The principal

difference between the balloon probes on the trial and final mis-
sion is that the former stores data between contacts while the
latter does not. Therefore, the transmission time at each contact
was 11 minutes rather than 6% minutes. The same ranging-polariza-
tion position fix is used on both missions. However, at that time
we were proposing a ''recorded burst' technique for ranging. This
consisted of the transmission of a shert burst of ranging having
insufficient duration for a real-time lock-on, but (theoretically)
sufficient duration if repeated rr-cessing oi the data were done
using a recording of the receivr urst. It was later det.:rmined¥*
that this technique is not withi.. the riesent or projected capa-
bility of the DSN, so this approach was dro, -« in favor of the
conventional real-time approach used in the final mission.

5. Trial Mission Data Systems

Typical telemetry data formats and functional block diagrams
of the data system were prepared for each of the four types of
probes considered in the trial mission for the purpose of testing
the data sampling concept and estimating requirements for hard-
ware.

The instrumentation complements, bit rates and storage require-
ments vary from probe to probe to the extent that the data system
for each is described separately.

a. Large Probe Data System - The large probe data system is
the most complex of all of the probes due to the large number of

higher data acquisition rate instruments. Three analog multiplex-
ers and A/D converters are shown in Fig. G-20 to accommodate the

various data sources.

*J, R. Hall, personal communication.

N
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Data processing blocks that are integral to the instruments
marked with an asterisk (*) are not shown in detail. These in
general require their own commutator, analog-to-digital converters
and buffer storage. The main digital commutator accepts 1/3 of
the total bits per sample from these instruments each time through
the 10 sec cycle period except for the mass spectrometer, which
requires 30 cycles of the main commutator to output a full com-
plement of mass spectrometer data.

The accelerometer and UV data are acquired during AV deflec-
tion burn and during initial entry before real-time data trans-
mission. Consequently, these data are handled separately from
the rest of the instrumentatioa and require a data storage capac—
ity of approximately 24,000 bits.

Readout is accomplished by taking 60 bits from storage each
main commutator cycle (V10 sec) resulting in an average readout
rate of 6 bps.

Detailed data formats for the large probe are shown in Fig.
G-21 and are essentially self explanatory. Note that the sub-
commutated data channel format and the stored data format are
shown below the main frame format. The transmission bit rate is
83 1/3 bps.

b. Small Probe Data System - The small probe data system for
the trial mission is considerably simplified by exclusion of the

more complex instrumentation (mass spectrometer, cloud composi-
tion, etc).

The data handling system block diagram and data format
details are shown in Fig. G-22 and G-23, respectively.

T
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Sepurate analog multiplexer analog-to-digital converters
are shown for the solar radiometer and accelerometers. However,
it is noted that sharing of a single multiplexer/converter by the
two types of instruments could be accomplished by switching both
inputs and output to accommodate the solar radiometer after com-
pletion of the accelerometer data acquisition mode (for the trial
mission no real-time accelerometer data are transmitted).

Both a subcommutated and stored data format are shown, as
well as the main stream data format. The main stream data frame
cycles approximately one every 10 sec to give a bit rate of 33 1/3
bps. Memory readout is similar to the largas probe 60 bits every
main frame cycle. Other characteristics are detziled in the fig-
ure.

c. High-Cloud Probe Data System - The cloud probe data sys-

tem block dia ram and data format are shown in Fig. G-24 and G-25.
Note the abeence of accelerometers and a central data storage.

A single data format is used for thi. probe with the at-
mospheric pressure and temperature supercommutated to give 2 sam-
ples per data frame for each. The frame rate is one per 15 sec,

resulting in a bit rate of 25 bps.

d. Balloon Probe Data System - The data system for the balloon

pr. 2 departs somewhat from e data systems for the other trial
mission probes in that the atmospheric data and the solar radiom-
eter data are stored during the ballcon flotation period and read
out at 8-hr intervals. For this reason these instruments share
the same analog commutator and analog-to-digital converter as
shown in Fig. G-26.

The subcommutator ‘or engineering data is operated as an
axtension of the analog multiplexer during postdeploy operations
to reduce the number of commutation cycles required to obtain a

full data sample.
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The bit storage 1is of the serial first in, first out, type
and must accommodate 6898 bits (8-hr data Ilnput) plus margin for
variations in timec.

Three data formats are provided for the bzlloon probe as

' ‘ shown in Flg. C-27. During entry and balloon deployment the real-
time format 1s used with one channel subcommutated. Both science
and engineering data, including 13 bits for events, are accommo-
dated.

After the flotation phase is entered (v30 minutes later)
the probe enters a data acquisition mode in which atmospheric
temperature, atmospheric pressure and solar radiometer measure-
ments are made once every 10 minutes and placed in storage. Once
every hour sync and frame count data are included to make up a ;
frame 856 bits long.

Every 8 hr stored data are transmitted to earth followed
by a few real-time data frames. During this period, the subcom-~
mutator is run completely through the eight channels and each
minor frame extends the frame length by 7 eight-bit words.

i For spacecraft crulse monitoring functions the subcommu-~
tator may be used as for the other probes.
6. Trial Mission Probe Power Systems

The battery sizing computations were less sophisticated (and
more optimistic) on the trial mission than on the final mission.

A capacity of 30 W-hr/lb was simply assumed without any derating.

Solar panels were not included on the balloon probes. Batter-
ies were sized for a 7-day lifetime. No provisions were made for
heating of the 50 mb balloon.
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Weight estimates for RF components in the trial mission were
made before receiving the Motorola inputs given in Chapter III,
Section B (Vol II), so these weights are different on the trial
mission. TWT amplifiers were assumed for the large and small
probes instead of the solid-state amplifiers assumed in the final
mission.

Weight and power estimates for the four probe types are given
in Tables G-11 thru G-14.

7. Trial Mission Sequencers

Work done on sequencers in the trial mission was limited to
making first-cut estimates of their welght and power consumption.
These data are shown in Tables G-11 thru G-14.

C. TRIAL MISSION PLANETARY VEHICLE

1. Engineering Mechanics

The arrangement of the probes on the Planetary Vehicle is
shown in Fig. G-28 and the weight summary in Table G-9. Although
the seven probes fit within the two added segments, the arrange-
ment is not conducive to minimizing probe ejection tip-off impulse.
A better arrangement has since been developed for the baseline
mission and options; Option 2 also has seven probes. These are
discussed .n Chapter IV, Vol II.

2. Mission Analysis

The trial mission launch, interplanetary, and encounter param-
eters are noted in Table G-15. The arrival geometry is shown in
Fig. G-29 where the spacecraft periapsis is 3200 km and targeted
near point 2. The actual spacecraft plane is noted on the figure.
The trajectory is a Type II path and is basad on a 10-day launch
period.
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Table G-11

ANTENNA
DIPLEXER

TRANSPONDER
Receiver
RF Exciter
Modulator

TWTA, 25 Watts
SEQUENCER
DATA HANDLING
MEMORY
INVERTER
CABLING

BATTERY

INSTRUMENTS

Large Probe Power Summary

WEIGHT
(1b)

3.0

1.4

53
0.9
0.9

9.2
4.0
1.0
2.2
4.3
4.2

s
54.2

POWER
{watts)

2.5
1.5
0.5

61.0
3.0
7.0
0.2
5.0

.80.5

125.3
~05.8

G-47
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Table G-12 Small Probe Power Summary

WEIGHT POWER
(Ib) (watts)
. ANTENNA 0.8 ===
DIPLEXER 1.4 ---
§ TRANSPONDER
Receiver 5.3 2.5
| RF Exciter 0.9 1.5
Modulator 0.9 0.5
TWTA - 10 Watts 1.5 32.0
Sequencer 4.0 3.0
Data Handling 5.0 3.0
Memory 2.2 0.2 |
Inverter 3.0 5.0
Cabling 4.1 ---
Battery 2.5 ---
37.6 47.7
instrumentation 10.5 6.3
4.1 540
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Table G-13  High-Cloud Probe Power Summary

WEIGHT POWER ;

(Ib) (watts)
ANTENNA 1.5
RF EXCITER 0.9 1.5
MODULATOR 0.9 0.5
AMPLIFIER, 5 WATT 2.0 17.0
SEQUENCER 4.0 3.0
DATA HANDLING 5.0 3.0
INVERTER 3.0 5.0
CABLING 4.4
BATTERY 8.3
.0 .0
INSTRUMENTAT ION 61.3
91.3 f

i
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Table G-14 Balloon Probe Power Summary

/ POWER POWER
; WEIGHT watts) (watts)
(1b) {Transmit Mode) (Data Collection Mode)
ANTENNA
Circular 0.8 --- 5
Linear 0.7 ‘
Switch 1.4 ;
TRANSPONDER
; RF Exciter 0.9 1.5
iodulator 0.9 0.5 :
Receiver 5.3 2.5 3
Ranging Unit 1.6 1.0 j
AMPLIFIER - 5 Watt 2.0 1.0 !
SEQUENCER 5.0 0.1 0.1 i
DATA HANDL ING 3.0 3.0 1.0
MEMORY 2.2 0.2 0.1
INVERTOR 3.0 5.1 0.5
CABLING 5.2 .- -
BATTERY+ 20.0 -
52.0 30.9
INSTRUMENTATION 2.9 0.5
3.9 2.2¢
"Mechanical.
;'7-day mission, data readout three times a day.
Based on 25% duty cycle.
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Table G-15 Trial Mission Parameters

Launch Parameters

Units

Launch Period

Arrival Date

Maximum C,

Maximum VHE

Declination of Launch Asymptote
True Anomaly

Right Ascension

Launch Vehicle

Injection Altitude

Launch Azimuth (nominal)

Payload (incl Spacecraft and
Adapter)

5/25/75 to 6/4/75
10/31/75

6.0 km’/sec?

3.6 km/sec

6.9 to 8.7 deg

173 to 180 deg (approx)
163 to 140 deg (approx)
Titan IIIC

100 n mi

114 deg

4150 1b

Heliocentric Trajectory Parameters

Time of Flight
Perihelion Radius
Eccentricity
Inclination to Ecliptic
Central Angle of Travel

Communication Range

159/149 days

107.8 x 10°% km

0.170

0.5 to 4.0 (approx)

193 to 184 deg (approx)
95 x 10% km

Al
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This appendix presents parametric trajectory profiles enter-
ing the atmosphere of Venus. The objective of these entries is
to achieve deceleration to velocities above the cloud tops that
are suitable for science experiment operation. The data are pre-
sented in plots taken directly from the digital computer tapes.

The data of this report were generated using the Martin
Marietta Corporation UD208 (Ref H~1) point mass simulation model
on the CDC 6400 digital conputer. Angles of attack are not con-
sidered. The atmosphere models for Venus are defined in Ref H-2
and Appendix F. The Martin Marietta lower density model and the
V5M appear'to bracket the conditions nroviding upper and lower
boundries. The two models are essentially the same during entry
but are separated by 9,000 to 12,000 ft (3 to 4 km) of altitude
as shown in Fig. H-1. PFntry is assumed to occur at 815,000 ft
(248.4 km) of altitude and an initial velocity of 36,000 fps
(10.96 km/sec). The entry profile extends from this point to
the conditions of Mach No. = 0.5. The descent from the cloud
tops to impact is accomplished at terminal conditions and is pre-
sented in Chapter 1I of Vol II.

The entry vzlocity and flightpath angle are defined in an in-

ertial coordinate system whose origin is at the center of the
planet Venus. The initisl latitude and longitude are assumed to
be 0°, and the planetary rotation rate is assumed to be zero.
The planetary radius is taken as 6050 km and oblateness is neg-
lected. The gravitation constant ie 1.1472308 x 10!6 ft3/sec?
(3.248596 x 105 km3/sec?).

The entry ballistic coefficient is defined by the expression

By = m/CA slug/ft2,
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where m 1s the mass of the vehicle in slugs and CD is the local

drag coefficient. The drag coefficient is a function of Mach

number; the following tabulation presents the values used in this

study.
M ‘p M Cp
0 1.00 2.0 1.52
0.5 1.02 3.0 1.53
1.0 1.25 5.0 1.51
1.5 1.48 100.0 1.51

The reference area, A, is assumed to be 0.0206 ft? and the
entry ballistic coefficlent range is achieved by varying the en-
try mass. The drag coefficient variation with Mach number is as-
sumed to be the same for all configurations in this study.

Figures H-2 thru H-9]1 present the parametric entry data gen-
erated for this study. The entry velocity is 36,000 fps (10.96
km/sec) and the entry angles vary from -20 to -90°. The ballis-
tic coefficients vary from 0.1 slug/ft” to 0.8 slug/ft*, and data
are presented. for both MMC-lower density model atmosphere and the

VSM atmosphere. The plots are arranged in the following order.
MMC-Lower Figures VM

Altitude - Velocity H-2/H-8 H~65/H-67
Altitude - Time i~9/8-15 H-68/H-70
Velocity ~ Time H-16/H-22 H-71/H-73
Altitude - Mach Number H~23/H-29 H=-74/H-76
Altitude - Flightpath Angle H-30/H-36 H=-77/H-79
Altitude - Acceleration H=37/H=43 H-80/H~-82
Time - Acceleration H~44/H-50 H=-83/H~85
Altitude ~ Dynamic Pressure H~51/H=57 H-86/H-88
Time ~ Dynamic Pressure H=-58/H=-64 H-89/H-91

These data present the trajectory profile from an altitude of
815,000 ft (248.4 km) to conditions of M= 0.5. The entry parame-
ter symbols uzed on the figures are explained in the following
tabulation.

k]
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Parameter Symbol Units
Altitude ALTUDE ft
Time TIME sec
Relative Velocity VEL(R) fps
Mach Number MACHNO
Relative Flightpath angle GAM(R) deg
Dynamic Pressure DYNPRS psf
Drag Acceleration DGACC Earth g

The entry parameteric data are well behaved and che trends
can be predicted readily. The peak values of dynamic pressure
and deceleration occur at approximately the same altitude and
time. The magnitude of the peak dynamic pressure and decelera-
tion are a function of the sine of the entry angle. The time of
occurrence is a function of the inverse of the sine of the entry
angle. The altitude of occurrence is only slightly affected by
entry angle, varying less than 13,000 ft (4 km) for entry path
angles between =30 and -90°. The effect of increasing entry ve-
locity is reflected in a proportional change in maximum values
of deceleration and dynamic pressure. The time and altitude of
occurrence are reduced, but by a negligible amount. Increasing
the ballistic coefficient increases the maximum dynamic pressure
directly and slightly reduces the maximum deceleration. The ef-
fects on deceleration are generally neglected in simplified analy-
sis of entry paths. The altitude of occurrence is reduced 23,000
ft (7 km) by increasing the value of BE from 0.3 to 1.0. The

variation is nearly linear. The time of occurrence is increased
in a linear manner from 21.5 to 23.0 sec for the range of B
from 0.3 to 1.0

E
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INTRODUCTION

The information contained in this document is intended to serve as

& basis for all study activities, guiding them in direction and in cer-
tain cages limiting their scope as required.

The constraints have been assembled from throughout the contrect

statement of work and from the subsequent technical direction memorandums
from JPL.

STUDY GROUND RULES AND ( INSTRAINTS

A.

H.

1.

J.

K.

L.

M.

The study shall be directed towvards a multiple probe missior. with
entry probes targeted to significantly different planet locations
for atmospheric exploration,

The level of detail in the terminal descent capsule(s) design (as
well as planetary vehicle and entry capsules) shall be only that
required to obtain (and substantiate) conceptual design, alternate
design approaches, and identify problem areas.

Interplanetary transfer trajectory data shall be based upon JPL
tabulated data, 1975 launch opportunities for Venus missions.

All mission equipment and operations shall be compatible with the
"Deep Space Communication Net" (DSN).

The science mission shall be as identified in contract statement of
vork and is not to evaluated and optimized. (By use of mission
effectiveness model),

The technology and design approaches defined in AVCO Report AVSS0-080-
68-RR shall be utilized to the maximum possible degree.

The AVCO Mariner configuration 20a shall be utilized with minimum mod-
ifications as required by the mission.

If supersonic decelerators are utilized, only designs with successful
flight test experience shall be considered.

System state of the art shall be as of July 1972,

Planetary quarantine shall be as defined in NASA . ansagement Manuai

bak4-1, "NASA Unmanned Spacecraft Decontamination Policy" 9/63, which
is interpreted to mean that region of the atmosphere which might be

conducive to forms of life will not be contaninated.

The systems shall be assembled in clean rooms.

All hardvare entering the planet's atmosphere must Le capable of
withstanding ETO exposure.

Entering eqQuipment vhich might (1tgas or vent to the atmosphere must
be capable of withstanding heat sterilizati-a.

,

-—-—-r--*————-m——l—l- L]
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The planetsry entry systems shall be enclosed in a pacteriological
barrier, whicn shall not be opened within the Earth's atmospaiere
subsequent to decontamination.

No contaminntion control is to be implemented for the spacecraft.
Priorities cn the science objectives are as follows:
Priority 1. Composition and distribution of tne clouds.

Priority 2. Atmospheric circulation from just above the
cloud layer and below.

Priority 3. Verticul structure of atmospaere, particularly
in regions not covered by Veneras L, 5 and 6.

Priority 4. Upper atmosphere,

The priorities are not intended to te used as a bagis for exclud-

ing any of thes science objectives or instruments specified in the
work statement,

Consideration of Buoyant Stations is to be limited to utilization of
existing designs and related information., The balloons must be
applicable to the region f:rrom just above the cloud layer and below.

MISSION DEFINITION GROUND RULES AND CONSTRAINTS

A.

Bl

I,

Consider the L975 launch opportunity

The science ob).ctives shall be as defined in JPL Document 131-03
dated 3/3/69.

The science instruments shall be as defined in JPL Document 131-03
dated 3/3/69.

The Venus environmental model shall be as defined in MMC report
"Venus Planetary Environment Models - Part I," MCR-69-488, 9/69 and
as modified by MMC Memorandum "Venus Model Atmospheres for Use in
Multiple Frobe Study" from A. R. Barger to S. J. Ducsai, 10/1/69.

The launch vehicle shall be Titan IIIC a3 defined in JPL Document
131-0%, 3/3/69.

All communication links shall be direct to Earth.

Trajectory related constants shall be as defined in JPL Document
m-32'-l306, 7/15/68-

The mission shall consider both fly-by and impacting spacecraft modes.

The launch azimuth shall be limited to 90 to 114°,




L.
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The declination of the launch asymptote shall be greater than 4 20.

For targeting purposes the communications mask shall be considered
as within 70" from S.E.

The planet surface radius shall be considered as 6050 km, with entry
occurring at elevation = 815,000 frt.

IV. SYSTFM SYNTHESIS GROUND RULES AND CONSTRAINTS.
A. Heat Shield technology shall be as defined by JPL Document 131-05,
as modified by JPL technical direction memorandum #3 dated, 10/3/69.
B. Entry probes need not survive surface impact, and need not be identi-
cal,
C. Probes must be subsonic prior to impact, consistent with science
sampling and data transmission.

e —————
LN
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A flow chart of the descent probe thermal and structural de-
sign program is given in Fig. J-1. 1In general, the program takes
as input the characteristics and properties of the planet atmos-
phere, the mass of instruments to be carried, the aerodynamic
characteristics of the probe, thermal and structural material
properties, and computes the overall descent probe weight.

Referring to the flow chart, the first step in the program is
the computation of the descent profile. This computation is
carried out beginning with the chute deployment at a given arvi-
trary altitude and ballistic coefficient. The program allows,
then, a step change in ballist{ic coefficient at any altitude be-
tween chute deployment and the planet surface. This feature sim-
ulates release from the chute.

The computational technique used to identify the descent
profile is a linearalized terminal velocitv calculation. First,
equal increments of altitude are selected between chute deployment
and chute release, and between chute release and planet surface.
These increments are set so that 20 computational steps are taken
in both the ranges before and after chute release. With the step
size in altitude defined, the corresponding atmospheric gas den-
sity is interpolated from the input array of altitude vs density.
Linear interpolation is used in identifying these densities. It

is then assumed that the probes will descend at terminal velocity

given by the equation

|
i
!
{
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MCR-70-89 (Vol II1) J=3

where

8y = planet gravitational constant,

B = ballistic coefficient,
p = density of the atmosphere.
The time to descend between increments in altitude is found by

integrating the above equation. This integration results in the

equation
3/2 3/2
Z(h - h) p / -0 /
Ac = 1 i ,
' 1/2 P p
3(2e, B) 1-
where
At = time required to descend from altitude hi to
altitude h,
hi = initial altitude for step,
h = final altitude for step,
By = gravitational constant of planet,
B =

ballistic coefficient = Mass/CDA,

oy = density at altitude hi’

p = density at altitude h.
The descent profile (velocity vs altitude and time vs altitude)
predicted by this procedure is printed out and stored for later
use.

The next step in the program is the computation of the probe
internal volume and outside diameter. Basic input data required
for these calculations are the payload mass, payload packaging
density, insulation thickness and probe L/D ratio. (The probe
is assumed to be made up of two spherical ends joined by a cylia-
drical certer section. An L/D of unity represents a spherical

probe). The program is designed so that, for a given run, the
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insulation thickness and L/D can be varied from initial values,
stepping in even increments, to maximum values. This allows to-
tal probe weights to be computed as a function of both insulation
thickness and L/D with a single computer run.

An initial value for the internal volume of the probe is
calculated by dividing payload weight by the packaging density.
This initial value is iterated in the program logic so the volume
of PCM, required to limit final instrument temperatures, is taken
into account.

With an internal volume specified the outside diameter of the
probe is computed using the equation
/3
L= 2ts M 2t + 2t i

S I

|
1 1l (L 1 /L -
r 6 T3 (D - 1) * Z'(ﬁ'- ‘) D-2t -2t

\

I

where
D = probe outside diameter,

thickness of structural shell envelope (it is

t
L}

assumed that ts = 0.025D for L/D = 1 and ts =

0.05D for L/D > 1),

tI = insulation thickness,

L

length of probe,
V = payload volume + volume of PCM.
Note that this equation is implicit in D and requires an itera-
tion process to solve for D. The convergence of this equation
was found to be very rapid.
Having a value for D allows the specification of outside sur-

face area and effective insulation area. These items are defined

by

[ SR

e v et

o Il o D G
T et st Seilbarbi n

Za -

5] A-F



MCR-70-89 (Vol III) 3-5

A= 0% /D),
D (L/D - 1) 2tI
zn(D - 2t8) - J?.n(D - ZtS)- 2:;I

Ay = (D - 2t5)(n -2t - 2tI) +

where

As = outside surface area,
AI = effective insulation area,
Other quantities are defined above.

At this point, the program determines the welght of the
pressure vessel by applying hoop stress and buckling equations,
basing the weight on criteria that require the maximum wall thick-
ness,

With the descent profile probe geometry, and insulation
configuration specified, a heat transfer analysis 18 carried out
to determine the heat transfer through the insulation. The ther-
mal model used for this analysis is shown in Fig. J-2. The com-
putational method used is a backward differencing or implicit
technique with 40 equal time steps.

The main features of the heat transfer analysis include pro-
visions for solar heating, probe surface emission to deep space,
and radiation from the cloud tops during the descent above the
clouds. Once below the cloud tops, black-body radiation is assumed
from the local ambient atmosphere. Throughout the entire descent
convective heat transfer is calculated between the probe surface
and the local atmosphere. At each computation step, an average

exterior film coefficient is calculated using the equation

h = % (2 + 0.6 Rel/2 Prl/a),

where
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Ambient Temperature
Solar 01

Conductance (Variable)

Sky Temperature /Surface Temperature
2 2
AIL 3 3

3 Qutside Film Coefficient

O—V A vWAWA—0 Cloud Temperature
Radiant Radiant
Conductance Conductance
<@——————— Pressure Shell
/’, Capacitance

Pressure Shell
Conductance

Insulation

Capacitance
Penetration //,

Conductance

vVW-

Insulation Conductance

Insulation
,// Capacitance

Insulation Conductance

Instrument Temperature

Fig. J-2 Thermal Model Used in Descent Probe Thermal and
Structural Design Program
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Re = Reynolds number, pVD/y,

Pr = Prandtl number, pCp k,

= film coefficient,

= probe diameter,

thermal conductivity of the atmosphere,

= density of the atnosphere,

r ©» & o o
1

= viscosity of the atmosphere,

Cp = gpecific heat of the atmosphere,

V = probe velocity.

The velocity is found at each time step by applying the equa~
tion for terminal velocity given above.

The altitude at any given time is determined by interpolation
from the previously computed altitude vs time array. Using this
altitude, the temperature and density of the atmosphere are found
by interpolating the input altitude vs temperature and altitude vs
density arrays. Thermophysical properties (conductivity, viscosity,
and Prandtl number) are then evaluated from input arrays in a simi-
lar manner using the atmospheric temperature determined above.
These properties are taken to be those of CO, and variation with
temperature only is accounted for. /

Referring to Fig. J-2, the capacitance of the external struc- /
ture is applied at Node 4, while the capacitance of the insulation
is divided equally between Nodes 5 and 6. Conductor 4 represents
the external structure; Conductors 5 and 6 account for the insula-
tion. A thermal path through insulation penetrations is provided
by Conductor 7. Node 7 is a constant temperature node and repre-
sents the instruments. Of course, the temperature of Node 7 would
increase with time; however, the total heat transfer through the
insulation is only slightly affected by assuming a constant tem-
perature because the temperature rise at this location is very
small relative to the atmospheric temperature.
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Once the heat transfer through the insulation is determined,
a heat balance i3 apyplied to establish the mass of PCM required
to limit the pavload to a prescribed temperature increase. This

equation 1is given by

+ =
Qp + Qg = M Cvy AT; + My Hpeyo
where

QI = heat transfer turough the insulation,

QE = electrical dissipation,
M. = mass of instruments and communication equipment,

Cv, = average specific heat of instruments and com-
munication equipment,

ATI = allowable temperature rise < 60°F,
MPCM = mass of PCM,

HPCM = heat of fusion of PCM.

If a negative mass of PCM results from application of the previ-
ous equation, this mass is set equal to zero, and the equation 1is
used to determine the payload temperature rise. If a positive
mass of PCM is specified, 1ts volume is then circulated. This
volume is added to the initial or previous volume estimate and the
calculations are repeated, starting with a recalculation of the
probe outside diameter. These calculations are cy;led until the
"new" and "old" values of total internal volume differ by less
than 1%. Once this criterion is satisfied, the iteration is per-
formed one final time to output a time/temperature profile of

probe temperatures and to determine final weights and volumes of

the PCM, insulation, and structure.
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The chosen value cf 100 Btu/lbm for the heat of fusion of

PCM 18 probably not achievable in a real situation.

This opti-

mistic value 1s balanced in the program by neglecting the sensible

heat of the PCM in changing temperature.

A list of penetration conductances used in the analysis is

tabulated below.

Strap Supports

Lateral Supports

Pressure Transducer and Mass Spec.

Thermal Radiometer

Nephelometer

Cloud Particle

Cloud Composition

Evaporimeter - Condensimeter

Antenna Coaxial Cable

All Wire Penetrations
(Umbilical, Solar, Radiometer,

Temperature Sensors, etc)

Penetration Conductances
(Btu/Hr -°F)

Large Frobe

Small Probe

0.08
0.16
0.01
C.09
0.06
0.09
0.10
0.06
0.02
0.09

0.76

0.04
0.08
0.01

0.06

0.02
0.09

——

0.30

The complete program input data for the baseline probe designs

is given in Table J-1, followed by a sample program output, The

output inciudes the large probe baseline descent profile and sizing

data for the large probe baseline design.
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Table J-1 Program Input Data for Baseline Design

Large Probe|Small Probe

Model Atmosphere V5M V5M
Altiiude at Beginning of Subsonic Descent (km above 60FQ)| 72.5 72.5
Alvitude at Chute Release (km above 6050) 40.1 53.5
Ballistic Coefficient before Chute Release (s]ug/ftz) 0.03» 0.015
Ballistic Cecefficient after Chute Release (slug/ftV) 2.0 2.0
Mass of Science and Communication Equipment (1bm) 125.6 62.4
Packaging Density of Payload (1bm/ft3) 40.1 40.0
Allowable Temperature Rise of Instrumentation (°F) 60.0 60.0
Initial Instrument Temperature (°F) 70.0 70.0
Average Specific Heat of Instrumentation (Btu/]bm-°F) 0.2 0.2
Electric Power Dissipation (w) 274.0 110.7
Pressure on Planet Surface (psia) 2210.0 2210.0
Initial Pressure Shell Temperature (°F) 70.0 70.0
Density of Structural Material (ib fin.?) 0.16 0.16
Modulus of Elastic.ty of Structural Material (psi) 9.6 x 105 | 9.6 x 10°
Poisson's Ratio of Structural Material 0.31 0.31
Safety Factor 1.1 1.1
Allowable Stress 7 x 10" 7 x 10%
Conductivity of Structural Material (Btu/hr—ft-°F) 5.86 5.86
Specific Heat of Structural Material (Btu/]bm-°F) 0.154 0.154
Absorptivity of Probe Surface 0.69 0.69
Emissivity of Prote Surface 0.24 0.24
View Factor between Probe and Sky, Probe and Clouds 0.5 0.5
View Factor between Sun and Probe 0.5 0.5
Conductivity of Insulation (Btu/hr-ft-°F) 0.0004 0.0004
Conductance of Penetrations (Btu/hr-°F) 0.76 0.3
Density of Insulation (b /ft3 10.0 10.0
Enthalpy of Fusion PCM (Btu/lb ) 100.0 100.0
Density of PCH (1 /ft3) 50.0 50.0
Specific Heat of Insulation (Btu/lbm-°F) 0.2 0.2
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*JOCS(CARNY1132 PRINTER) '
*LIST SOURCE PROGRAM
#0ONE WORD INTEGERS
C PROBE T, PROGRAWM

DIMEMSION TENMPP(12)9TAMRI4])
DIMENSION XHI41) oXHTD(41) sDENB(4L) 9DENHIG1) 9 TAUA(GL) o TAMBKISL)
DIYENSION TSKY(41)sTCLO(41) oCSUN(S1) 9CONALL2)9PR3(12)9VISAILR2)
DIVENSION VEL(4))
C XHl= ALT, AT BIGINNING OF SUBSON‘C DESCENT» KM ABOVE 6050 RADIUS
’ XH]l = T72¢% - ~
C XH2= ALT, AT CHUTE RELEASE. KM ABOVE 42050 RADIUS :
th’ = 40.0 . i
C BEl= SALLISTIC COEF. CORRESPONDIHG TO XH1ls SLUGS/FT%*#2 = - - -
, BEl = 0035
C BE2= PALLISTIC COEF. CORRESPCNDING TO XHZ. SLUGSIFT**Z
BE2 = 240 ’ >~
€ XMASI=~ I'ASS OF SCle AND COVM. EQUIPes» LB~M .
XMASI & 12546
DEM{=~ PACKING DENSITY OF INSTRUVENTS, LB-M/FT**3 . T T

“'}“‘;'Yﬁ‘

-

ty

DENT = 40, -

C DTl= ALLOWABLE TEMPO RISE OF INSTRUMENTS» DEG=F . . $
DTl = 6040° T T ) ' - . T . 4

C TEirPI~ INSTRUMENT TEMPERATUREs DEG=F . . ,
TEMPI = 704 . f

C CPl= AVG, SPECIFIC HEAT OF IMSTRUMENTSsy BTU/{LB=M==DEG=F) " ~ - s
(P1=,420 ..

C Ql= ELECTRICAL pOVER DISSIPATIOV. WATTS ) ' ]
Q1 « 2740 o Tt e - DR -

C SPRES= SURFACE PRESSUREs PSIA : . 1

SPRES = 2210 - S . ;
TSHI~ INITIAL SHELL TEMPe DEG=F  ~~~~ -~ "= == = — = s o e
TSHI = 70, .
DENSH-~ DEMSITY OF STRUCTURAL MATERIALS LB-V/IN**B ‘ -
DENSH=,16 _ R B
£0D= MODULAS OF ELASTISITYs PSI .
EMOD = 946E6 . S
PRAT= POISSON'S RATIO S - T e e 1
PRAT = 31 .
SFACH= SAFETY FACTOR - . - :
SFACH = le1 = ° : -t : S CoeT
STREA= ALLOWABLE STRESSs PSI ‘ T
STREA = TeEs
CONDS= CONDUCTIVITY OF STRUTURAL MATERIAL» BTUI(HR—FT-DEG-Fl’ -
CONDS = 5486 -
CPS= SPECIFIC HEAT OF STRUCTURAL MATERIALS BTUI(LB-M-—DEG-F)

CPS = 4154 - - _ - .
ALPS~ ABSORPTIVITY OF PROBE SURFACE ‘ S
ALPS = 469 o '
EMIS= EMISSIVITY OF PROBE SURFACE- — - — ° - e e
EMISe o24 .
VFAC2 = VIEWFACTOR BETWEEN PRORE AND SKYs PROBE AND CLOUDS
VFAC2% o5 = -
VIEWF= VIEW FACTOR BETWEEN SUN ANO PROBE * - RN
VIEWF = 045
$B= STEPMAN =BOLTZMANN CONSTANT» srux«na-rr*cz-oes-au-a) ----- R
SB= 41714E=~8 . :
CONDI= INSULATION CONDUCTIVITYs BTU/(HR=FT=DEG=F) ’

[a TN o TN o TN o NN o BENN o BRI o } [a N "N n N n a)

CONDI = +0004 ~ - R
CON7 = CONDUCTANCE OF PENETRATIONSs BTU/ {HR=DEG=F) - L

— . . [ -——— - = .- - - - - - - - -~ - s —— .- -
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MCR-70-89 (Vol III)| .

CONT = 016
DENK= IMSULATION DENSXTYO LB-M/”3
DENK = 1060
XHPCMe ENTHALPY OF PCV¥s BTU/LB-M . .
XHPCM = 10040 - -
DPCM= DENSITY OF PCM» LB"M/FT"3
OPCMe S0,
THICI= INITIAL INSULATION THXCHNESSOIVCHES
THICI = .8
DTHIC= X\CRI“EKTAL CHA!GE IN I\SULATION Tle(NESSO INCH‘S
DTHIC = o2
THICM= MAXe INSULATION THICHNESSs INCHES
THICV = 1,3
XLODI~ INITIAL
XLODI = 1.5
DLOD=- XACRIVENTAL CHARGE IN L/D RATIO v -
DLCD= .5 : : Tt -
XLODM= MAXe L/D RATIO ‘
XLODM s 1,9 )

CP1l = INSULATION SPe HEAT» BTU/(LB-M“DEG‘F) -
CPII = 420 . '
PI=3,1416 .

E=2.,71828 - - - T
850 FORMAT(T7E1044) T
READ(2+950) DENH

L/D RADIO - T T

[a TN e BN o N o NN o TN o TN o JENN o NN o TN o

- READ(29950)
READ(2+950)
READ(2,950)
READ(25950)
READ(2+950)

TAMBK - - - s E e e

CONA
PR3
VISA
TEMPP

DO 960 N=1js41 . ;.
- XXN= FLOAT(N)=1e¢ - e S AT A R
960 XHTD(N)= 2,#XXN . )
DO 952 Ns=le4l . : ,
952 TAVB(N) = TAMEK(NI#1,8 = 4560,0 TR S
DO 953 N= 1,31 :
953 TSKY(N) = TAMB(N)
D0 954 N= 32981
954 TSKY(N) = =450, .

—— - e eeme - . C e e

-

DO 955 N = 1431 . : - '
955 TCLO(NY » TAMBINY " — - - - ="« o= 0 == = = o .-
DO 956 N = 32,441 : .
95&¢ TCLOIN) s TAMR(31) _
DO 957 Ns= 1,31 T . T T s e
957 QSUN(N)= 040 _ s : .
DO 958 N= 32441 ‘
958 QSUN(N) = 1,S#858¢*ALPS*VIEWF ~ =
DHl® (XH1=XH2)/20e
DH2= XH2/20, .
XH(1)sXH1™ ~ - CoTT
DO 900 N=2421 K C .
900 XH(N)s XM (N=1)=DH1 : .o U
DO 901 N® 22641 "~~~ "o ot -t ee e e ..
901 XH(N)® XH(N=1)=DH2 ~ .
DO 902 Nslia}
DO 903 Ks1lea3 :
TESTY ® XH{(N) =XHTD(K) .t

. I fmreer s - . R

e s e e e e awe s e e eeme e - -

'3=13 1
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1)
IFITEST1) 90499059903 {
905 DENS(N)= DENHIK) ‘ . .
GO TO 902
903 CONTINUE
9064 FACT1 =(XAH(N)=XHTDIK~1))/(XHTD(K}=XHTD(K=1))
DEMB(M)e DEMNHI(K=1)14+ FACTI#*#(DENH(K)=DENH{K=1))
502 CONTINUE
TAUALL)= 040 - : T T
VOO® (2¢/(3e#7e48))/(BE1R%S) ° e
DO 906 N= 2,21 .
VOls XH({N)=xH(N=1) T
VO2= DENR(N)##]145 = DENR(N=1)#x1.5
V93= DENR(N) « DENB(N=1) ,
VEL(1) = 7.48%(3F1/DENB(1))#a,5 . - ;'“ R T
VEL(N) = 7.,48%(BE1/DENB(N))##,5. ‘ .
DTAUL --(v9o*v91~v92/(v93*3600.))’3280. .
906 TAUA{N)=TAUA(=1) + DTAUl 3 -
VOO0 = (2e/12e%T7448))/(BE2##,5)
DO 907 N 27441 -
V9l= XH{N)= XH({N=1) ~— - ot o
V92= DFNR(N'#%#]145 = DENR(N=1)##1,5
V93s DENB(MN) = DENSI(N=1)
VEL(MN) = 7,48 » (BE2/DENRIN)I®®,S -~ - - - - -~
DTAU2 = =(VOO#VI18V92/(V93#3600e) #3220
907 TAUA(N)= TAUA'N=1)+ DTAU2
910 FORMAT(1H]1) CoT T T s -
WRITE(39210) Lo '

h— "

WRITE(3+500) ’ .
801 FORVATI(? XHI- ALTe AT BEGINNING OF suasovxc DESCENT» Ki ABOVE &nS
1 RADIUS = ',E13,5)
VRITE(3+801) XH1 .
802 FORMAT(' XH2- ALT. AT cwurs RELEASE. KM ABOVE 6050 RADIUS & ‘s - =
;51305’ * .
WRITE(3»802) XH2 " 7
803 FORMAT(' BEl= BALLISTIC COEF. CORRESPO\DING TO XHle SLUGSIFT‘*Z =
1'9€13,5) —
WRITE(3+803) 2}
804 FORVAT(' RE2= RALLISTIC coer. CORRESPONDING TO XH2e SLUGS/FT##2 s
1'+F13e5) .\
WRITE(Z2+806) RE2 ‘
805 FOR™AT(' XASI= “1ASS OF scx. AND COMMe EQUIPosLB=M = '.513.53
WRITE(3+805) XMAST
WRITE(3,5C0) . .
908 FORVAT(® = ALTITUDESKM  TIME,OURS VELochv.rPs " -
WRITE(3+908) _ ce ”
9NS FORMAT(4XoFBe3sTXoFTe30TXeFBe3) . ' T )
MRITE(39909) (XHIN) 9 TAUA NI sVELINY» Nu1s41)" T T e
VOITE(30910) . :
ICONT= O '
T WRITE(3e8500) ~~ "~ — - es o o o : -
509 FoqvAr('tn:u&nu;;.&cs-!rqooiiﬁoinionothivclocpocGil&..caonucilﬁin
1.!!!!!'!!0!0!"'!'!'..i!l..'.l...!.!..!iil..) . ..
- : WRITE(39500) ~ T o - St ome e T
420 FORMAT(' STRUCTURAL WT INCLUDES 2% PERCENT OF INSTRUe WY *)
440 FORVAT(' WHICH ACCOUNTS FOR INTIRNAL srnucruae. TH!S lNYERNAL
i © 1STRUCTURE ACTS AS HEAT SINKy CP=,20') - : .
WRITE(39420) .

- . -
R
. . . . . .. . Y . .
St s eeres e 4 eemmemem s e T T I S - ek - T T R P}
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4

VRITE(30440)
- WRITE(3+500) .

400 ‘PR”AT‘IXO'7KSUL¢'QZXi'L/D'DZX"OUTSIDE'DZX"TOTAL'!6X|'LASS CF'
13X 9¥1"ASS OF 4 92%9'"ASS OF"93X» '*ASS OF'OZXQ'VOLU“E"6XO'VOLUIC ’
23X '"VOLUME ' 94Xy YHEAT TRANSFCRO')

401 FORMATIIX o 'THICK=" 97X s 'DIAesI" e 91Xs "MASS="36Xs 'INSTRUe " 92Xy
1'I0SULes " 92X s 'STRUC=! 94 Xs "PCHMaLBs ' 92X 9 'OF INSTRUe'92X9e'OF PCha'y
22X+ '0OF 913X 'RTUY) - T

402 FOR"AT(IX.'NESSO'017X0'1‘$TRU00 93Xe ' LR=11ASS 1 93Xy ' LB=MASS?s2X»
1'TURE sLP=192X 9 'ASS? oSXs'FT-CU' o7X"FT"CU'o4X9 ' INSULc0'03Xo
2'THRU ELECT."Y ~ ~ -

403 FOR™“AT{I1Xe"INCHFSY916Xs VINSULes'! D23XD'HASS.'36X|'FT“CU'O5X. 1
1'INSULe NISSIP='} ) . ]

404 FnRVAT(?BXO'ST(UCTURE'079X"ATION" ; T T ’

405 FOR™AT(23Xe'A*D PCMe') :

406 FORMAT(24X s 'L P=YASS!) -

VOLIP=X"*ASI/DENT o R I T T T T

VOLI=X"*AS1/DENI

THICK=THICI ' - , L

XLOD=XLODI - - o v - o
102 DlAl= 2.*THIC<+((VOLIP/(PI*(01666+025*(XLOD-10’)))**0333)*12. 1

IF(XLOD“I.OS)SO!SO’SI ) 1
50 DIA= DIA1/495 -~ - DA - . . ]

THICS=0.025%#0D1A :

- GO TO 52 .

51 THICS=0,05%#NIAY- - - - SRR
V1= (2.*THICS+?-*THICK)/(PIAI-Z.*THICS -?.lTHICK)
V2=625%(XLOD=16)*V1 :
Vaz{,16666+e25%#(XLOD=10)+V2)%PT " R
DIA= (26 *THICK+{{VOLIP/V3)%%,333)%124)/49
TYICS= 0.0SO*DIA

52 CONTINUE = - A
ACS= (PI*XLCD*PIA**Z)Ilaho
vq DIA=2¢#THICS ~2e*#THICK _

sDIA=2#THICS SR
vs- PI®NDIA®(XLOD~1e)#24*THICK /1444 .
AKl = V6/(ALOGIVS/V4LY)
AK2 = PI®VS%Va4 [/ 144, S - STt s R
AK = AX? + aK2 ) S
XK -A(*THICK*DFNKIIZ- ‘ -
VOLK = AX2THICK/12e - . RS S i L
TH1 = SPRES*SFACU*(DIAIZ.)**2/(2.*Evoo) _ .
TH2:s 24%(]4=PRAT##2) -
THSe (THIX(TH2%%,5))#%e,5 - ~ - R e TRt I
THSY = SPRES*PIA*SFACH/(4.*$TREA) )
IF(THS-T“SI)7029702o703 : S
702 THS = THS1 R e o
703 XNMSTS = THS*#PI#(DJA##2)#DENLH
IF(XLON=1405)300,300,301 .
300 X”STR = XV¥STS + ¢25#XMAST ~— Tt s e
XVTOT = XK + XIPCH + X“STR + XAS] .
GO TO 202 ' ..
301 TH3 = SPQES*SFACH*(DIA/Z.)**1.5 T v s e
TH4e  TH3 /(e T36%EMOD) - .
: THC= TH4®%,4 ' . ' .
o THC1 = SPRES*NIA#SFACH/(2#STREA) = R -
. IF(THC=THCl) 704¢7044705 . - -

- - - e - PR .- ———- - . .~ . emeeia- < . -- [P
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704 XSTC = THCI*PI*(GIA**Z)*(XLOP-Io)*DENSH
GO TO 706
705 XMSTC = THCH*PIX(DJA®%#2) % (XLOD=1e ) #DENSH#145
706 COMTINUE o )
XMETR = XYSTC+XSTS+ «25%xMASI
XMTOT = XMK + X'PCH + XMSTR + XMAS]
302 CONTINUE

: T4 = TSHI® T S -
TS = TSHI -
T6 = TSHI g _
T7 « TEMPI S ST

COM1P= APS

COM2P = FVIS*SB*APS*VFACZ . .

CON3P= EWISXSRY¥APS¥VFAC2 S
CON& = 17284%CONDS*(APS*#2)#DENSH/ (XMSTR=e25*XNAST)

COMN5 = 24%CONDI*AK/(THICK/126) :

CON6 = (CONS ’

CAP4 = (XWSTR = (25%#XNMASI)®#CPS

CAP5 = o5#XVK*CPI1 .

CAP6 = CAPS ~ - TR s T

CTAUC = TAUA(41)/406 -

TNEWG = T4 . ) ‘

TWEWS = T8 ~ - - -~ -t T s e e eem o e e

TNEWS = T6 ; - . ~ -

OTOT! = 0l0 ' ) -
TIME = D0~~~ 7 7 TTTUTT Tt T smomemystmoics smmoo oo s emc s s
XN = 160 - : -

929 CONTINUE - . ‘ R ) .
OTEST = TIVE + DTAUC = TAUAL&1) = — = = = - oo T e
IF(OTEST) 97395749974 . e . .

974 DTAUC = TAUA(41) = TIME = «000001. . R

$73 CONTINUE . T CoTI o T e
T4 = TNEWS - ' : . -

T5 = TNEWS -

- T6 = TNEW6 ° ° TTT T o oo R " = - soEm e o v e
T4OLD= T4 ‘ - :
Ts50LD= T5 ’ ‘
T6OLD= T6 =~ = 7 7 THToEn moommem o cTemocios 0 e s
TIME = TIVME + DTAUC <AL S :

047 = CONT*(T4OLD=-TTI®*DTAUC ¢ - = ]

Q67 = CONG*(T60OLD=TTI#DTAUC =~~~ = = 77— -7 -mom s mmmmem s e
QTOTI = QTOTI + Q47 + Q67 . . e .

QRATE = (Q47+067) /DTAUC . ‘ '

DO 917 N= 141 ' e R S
TEST2 = TIME = TAUAIN) S

IF(TEST2) 918.919.917 N Co .

$19 XHT = XHIN) T T T T s e s s mn s s s e e
GO TO 920 ’ . .

917 CONTINUE

918 FACT2 = (TIYE = TAUA(N-I))/(TAUA(N)-TAUA(N-I)I:"", e e
XHT = XH(N=1) + FACTZ'(XH(N)-XH(N-I)) . :

920 CONTINUE ~ . . |
DO 921 N= 1,41 - o """’f“”“‘f - T mees
TEST3 = XHT = XHTDINY . e
IF(TEST3) 92209239921 - ‘ : .

923 Tls TAMBUN) '~ 7 ° "7 7 77 TUUw s eeT s meme e mosneiomn e
T2s TSKY(N) . ) o .
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T3= TCLO(N) /
QS = QSUN{IN) ’ ’
DAT™= DENMHIN)
GO TO 924
921 CONTINUE T : :
922 FACT3 = (XHT = XHTD(N=1))/(XHTD(N) = XHTD(N=1})
Tl = TAMB(N=1) + FACT3#(TAMRB(N) = TAMB(N=1))
T2 = TSKY{N=1) + FACT3®(TSKY(N)= TSKY(N=1))
T3 = TCLO(N=]1) + FACTA®(TCLO(MN)= TCLO(N=1}))
Qs QSUN(MN=1) + FACT3#(QSUNIN)~ QSUNIN=1)).
DAT*= DENHIN=1)+ FACT3*(DEMM(N)= DENHIN=1))
924 CONTINUE
DO 940 N = 1912 .
TTEST4 = T1 = TEMPPANY - ~°7 =« = © o oo -
IFITEST4) 92599264940
926 COMAS = CONA(N) , : :
PR3S = PR3(N) - o TooT ’ s e
VISAS = VISA(N)
GO TO 941 .
940 CONTINUE oo T T T Tt T
925 CONTINUE
FACT4 = (Tl =~ TEVPP(N=1))/(TEMPP(N)= TEMPP(N-I)’ .
PR3S = PR3 (N~=1)+ FACT4®(PR3(N)= PR3(N=-1)) - o T .
VISAS = VISA(N=1) + FACT4#(VISA(N)= VISA(N=1))
COMNAS = CONA(N=1) + FACTQ'(CONA(V)- CORA(N“I)’
941 COMTINUE o - -
IF(XHT = XH2 ) 97099714971 ' :
971 BE = BRE] ’ ’ ) . C-
GO To 928 . - . ~ . . -~ - - ~ - - .. - e e e i . -
970 BE = RE2
928 COMTINUE o ‘ ,
VELT = 7¢48 *(BE/DATM)#®,8 - - - -  -wo - oocoooo o
RE = (DATV*VELT*DIA/VISAS)*(32.2/12.) -
XNU = 24 + (6%(REN®,5)#PR32S - : . . .
FIL¥=s (XNU*CONAS/DIA)#12+ - B R CoToTT e T
CON1 = FILM# CON1P
CON2 = CON2P*(T2%%2 + T#OLD**Z)*(TZ*TAOLD)
CON3 = CON3P*(T3%#%#2 + T4LOLO#®2)®#(T3+T4OLD) - "7~ T
SCON] = -CONI*Tl‘sONZ*TZ-CONB*T3-CON7*T7-QS*AP"CAPQ *T4/DTAUC
SCON2 = CON1+CON2+C0\3+CO\4+COA7+CAP4/DTAUC .
SCON3 = «CAPS#T5/DTAUC ~ — ) T Tt
SCONG = (CON&+CONS5+CAPS/DTAUC \ v )
SCONS = =CON6*TT7=-CAPH%#T6/DTAUC
SCON6 = CONS5+CON6+CAPH/DTAUC ~ —~ 7~ ~ = o o

SCONT = SCON3+CON4#*SCON1/SCON2+CONS#SCONS/SCONG

SCONB = (CON4#¥#2)/SCON2+(CON5##2)/SCON6=SCONG :
TNEWS = SCON7/SCON8 * S e
TNEW6 = (CON5#TNEW5=SCONS)/SCON6 .

TNEW4 = (CON4#TNEWS=SCON1)/SCON2

IF(ICONT) 98099809981 - T e o T
981 CONTINUE
982 FORMAT(1Xs'TIME=? 4F 7,39 AMB.TEMPO'.F?.I.' SURF.TEMP-'.F7.10
1" T2 9FTele?! T33'9FTele® TS58'4FTele? T6279FTele? FILV"oFT.Z)
WRITE(39982) TIMEsT1oeT4LeT2eT3eT5eTEsFILM
980 CONTINUE
IF(TAUA(LY)=TIME=0001) 93399339929 ~ .~ =~ ~ == === -
933 CONTINUE , . ) .
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700
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103
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QTOTE =
XMPCV =

OI%#34412%#TAUA(4])
(O*OTI+OTOTE-1.25*XMASI*CPI*DTX)IXHPCM
IF(XMPCM) 70097009701

XMPCM = 040

DTIP = (QTOTL + QTOTE )/( le25%#XMASI*CPI)

VPCM = XMPCM/DPEM
VTOT = VOLI+VPCM
TESTV=  (VOLIP=VTOT)
TESTV=ABS(TESTV)
IFLICOKT) 10391039104
CONTINUE ‘
WRITE(39500)
WRITE(3+400)
WRITE(3+401) i
WRITE(39402) .
WRITE(39403)
WRITE(39404) Tt T
WRITE(39405)

fRITE(3+406)
FORMAT(1X9F6e3¢1XsF6e192X9F6e293X9F664105X9F60a194X9F60193X9Fb6els
14XoF6aloaXoF5e20TXoF5e204X9F5e293X9FTelo2XoFTel)
MRITE(3.407)THIC(oXLODoDIAoXMTOT-XVASIoXNKoXMSTRoXMPCMtVOLIoVPCM
1sVOLK»QTOT1,,QTOTE =~ -

IF(XMPCM) 707+707,708

CONTINUE :
FORMATI(? ‘CHANGE IN INSTRUMENT TEMP. = '.Fa.za T e -
VIRITE (39799) DTIP - .
CONTINUE _ : - — :
WRITE(3+500) ' : T oo A
WRITE(39910) . : :
WRITE(3+500) . . : :

GO TO 108 — -~ _ S e .
IF(TESTV =¢01) 10051009101 - : ) .
VOLIP= VOLI +VPCM . : Co

GO TO 102 - - e s CTe T -
VOLIP= VOLI +VPCM .

ICONT =1 ) . ~ g

GO TO 102 -7 "7 T T T T tmommet e mem e soe e e
ICONT =0 : ' e L

THICKSTHICK+DTHIC -
IF(THICK=THICM 110291025107~ ~ 7" - = ~-= T

XLOD=2 XL OD+DLOD ‘

THICK=THICI ,

xF(xLoo-xLooM)102.102.108 e R
CONTINUE" -

STOP

/VOL1IP -

FEATURES SUPFORTED o
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CCRE REQUIREMENTS FOR
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This appendix documents the results of the preliminary ACS
propellant usage study for the 1975 multiprobe mission. The base-
line configuration for this study was Configuration 20a taken from

a previous study performed for JPL by AVCO.

A, STABILIZATION OF INITIAL TIPOFF RATES

Following separation from the launch vehicle, the ACS is re-
quired t: stabilize in a limit cycle made from any oricntation
within a 30-minute period and from an initial tumbling rate of
50 x 10~3 rad/sec. The following data were taken from thc AVCO
report* for configuration 20a:

Pitch and yaw thrust = 4.18 x 107% 1b;
Roll thrust = 7.03 x 10™% 1b;

Pitch and yaw Inertia = 100 slug/ft?;
Roll inertia = 160 slug/ft?;

Control moment arm = 9.5 ft.

The angular acceleration in cach ax.s is through:

_x _2F1L _ (2) (4.18 x 107%) (9.5)
1) Pitch/yaw - 0 T 100

= 0.80 x 1073 rad/sec”;

- A -3
2) Roll - ¢ = &KL o £2) (7.03 x 1077) (9.5)
I 160
= 0.835 x 107 rad/sec?.

%1972 Venus Flyby/Entry Prole Mission Study. AVSSD-080-68-RR.
AVCO Corp, April 1968.
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The tlme required to drive the Initlel tipoff rate of 50 x 107

rad/sec to zero is:

1) Pitch/yaw - ¢t — = 62.5 gec;

b
2) Roll - t = == = 60.0 sec.

During this time, the following attitude angles will develop:
1) Pitch/yaw - 0 = éo t-',0 t? =90°;

2) Roll - ¢ = &o t -3t = 86°.

Because the moments of inertia for the prcrised gparccraft are
considerably higher than those of AVCO Configuration 2va, cne ap-
proach is to 1ircrease the thrust levels .« that the angvlar accel-
erations of the Configuration 20a vehir.e are applicabie to the
current spacecraft:

1) Plech/yaw - T = %%3i x 4.18 x 10343 x 1077 1b;
570

y 1 -l - —
2) Roll I 160

x 7.03 x 1077 = 25 x 10~"* 1b,

Usinyg the above-calculated valucs «f thrust, the multiprobe
~pacecraft will null out initial tipo:f rates in the same time
span as the Configuration 20a vehic'e.

The amount of propellant required tec null out the initisl tip-
off rates 1s givern below:

1) ritch/yaw ~ v = 555 = 76.8 x 1077 1b;
top

2) Roll - w = %l" = 43 x 10~? 1b.
89
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B. REORIENTATION OF SPACECRAFT TO SUN REFERENCE

After the initial tipoff rates have been reduced to zero, the
spacecralt must perform pltch and yaw maneuvers to align the sun
sensor with the gun. The assumptions were made that each maneuver
required a 180° turn and that the commanded rate of 7 x 107° uged
by the Mariner Mars would be rctained.

Pitch/Yaw Channels - The on-time to reach the commanded rate
is

_ 3.1416 x 103
0.80 x 1073

(2]
L]

(o IR el
[e]

= 3.93 sec.

During this time, the change in attitude is
0=1%8 t?=6.2x 1073 rad.
The distance the spacecraft must coast is

0 = 3.1416 - 12.4 x 10~% ¥ 3,1416 rad,
coast

and the time of coast is

s g m —2u1016 = 1000 sec = 16.7 min.

t 0, 3.1416 x 107°

The propellant usage for this maneuver is

!
w = %13 (2) = 9.6 x 10~3 1b.

sp
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C. ORIENTATION OF SPACECRAFT TO CANOPUS

After the spacecraft has orlented itself wlth the sun, a roll
maneuver will be performed to align the star tracker with Canopus.
An attitude error of 180° was assumed for thls mancuver, along
with a commandel rate of v x 1073 rad/sec.

The on-time to reach the commanded rate 1is

Gc

t = T = 3,75 sec.

Because the change in attitude during this time is small with
respect to the total required attitude change, the time of coast
will be

0
tt 3: = 1000 sec.

The propellant usage for this maneuver is

w = %r__ (2) = 5.36 x 103 1b., :

8p
D. NORMAL LIMIT CYCLE OPERATION

Once the spacecraft has aligned itself with the sun/Canopus

reference, 1t will enter the limit cycle phase of operation. The

deadband was held at the Marlncr Mars value, and the minimum on-

time was taken to be 20 msec. From Flg. K-1, At, 1is equal to one-

1
half of the total on-time, or 10 mnsec. 'Tthen,

eLC = g Atl.
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Fig. K-1 Limit Cycle Diagram
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a. Pitch/Yaw [6_ . = 4 x 15° rad)
7
8¢ = (0.8 x 107°) (10 x 1073) = 8 x 10~° rad/sec.

The attitude chunge that takes place during the time span
At, 1is

-3 -4
oL 2 o 0.8 x 10-%) (10=%)
6 =%6 (Atl) 5 ,

= 4 x 1078 rad.

e
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The distance to be travelced durlng At2 is

4 x 1073 - 4 x 107% 2 4 x 107% rad;

thercefore,

4 x 10~°

2" % x 10 500 sec
< )

At

The total tlme per limit cycle 1s then approximately 2000
sec, or 1.8 limit cycles per hour, and the total on-time per 1limit
cycle 18 40 x 1073 sec. The propellant usage per limit cycle 1is

2r (4 at,)
W= —F— = 49.2 x 107¢ 1b/1imit cycle
sp
The length of the mission was taken to be 153 days or 3.672 x 103

hr. The total propellant used for limit cycles (for either the

pltch or yaw channel) ls

wy, = (49.2 x 107%) (1.8) (3.672 x 10%), ‘

0.326 1b/channel.

[

b. Roll (QLC = 14,3 x 1073 rad)
7

3 = -t
GLC 8.35 x 107° rad/sec, ;

N -
= 4.3 1077 g1s ool

Aty = %.35 x 10-©

The total time per limit cycle Is then 2060 sec, or 1.75

Jimit cycles per hour. The propcllant usage per limit cycle is

{
g
{
%3
¥

2T(4 Aty
w = = = 28.6 x 107% 1b/limit cycle,
Lsp
wy = (28.6 x 10-5) (1.75) (3.672 x 10%),

= 0.184 1b.
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E. MIDCOURSE MANEUVER

The ACS will be used to orlent Lhe spacecraft so that the-maln
engine 18 directed to provide the rcquired midcourse correction.
Assuming a commanded rate of m x 103 rad/sec as before, the pro-
pellant usage for each channel (from Sections k and C) is

Pitch - 9.6 x 1073 1b
Yaw - 9.6 x 10~ 1b
Roll - 5.4 x 10~3 1b

The ACS will be used to null out cg offsets and thrust mi. -
alignments during th= main engine burn, 7The AV requirement on
the main engine Is 27 m/sec or 88.5 fps. The vehicle weight at
this time Ls 2700 1b, and the mass Is 84 slugs. The Impulse ap-
plied to the spacccraft Is MAV = 7.44 x 10% Ib-sec. Assuming that
the maln engine Is mounted 3 (t from the cg and with a 1° thrust

misalignment,
21 = 3 tan 1° = 0,05 ft,
MAV 2; = I 0 = 2TLAt.

The propellant usage to control main engine thrust misalignments

is then

2Tt MAV 4
"I L1
sp sp
Assuming a cg uncertainty of %, = 0.1 in., the propellant usage

is:

= 0,56 1b (pitch or yaw roll).

MAV 4.,
L1
-]

= 0.0932 1b.
p

To be conservative, the above-calculated values were added
directly, rather than using an RSS value. The total usage to con-
trol offsets during main engine burn 1s then (0.560 + 0.093) =
0.653 1b.
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F. PROBE EJECT

There will be four probes oun the Mariner Venus '72 spacecraft,
For cach probe, the spacecraft must go through a geries of pitch
and roll mancuvers to orlent the probe to the proper attitude for
cjectlon. Also, after the last probe ejectlion, the spacecraft
musl be reorlented to the sun-Canopus refcerence. For conservatism
In the propellant usage calculations, three basic assumptions were
made:

1) The spacecraft must reorient itself to the .sun-Canopus
reference after each probe is ejected, so a total of
10 maneuvers in each plane was assumed;

2) A separation AV of 1 fps was assumed for each probe,
and the resulting impulse was assumed to be totally
applied to the spacecraft;

3) The probes will all be mounted on the spacecraft so
that the ejection forces pass through the cg of the
spacecraft. Thus, the moments imparted to the space-
crafc during probe ejection will be due only to cg
uncertainties and the misalignment of the ejection
mechanism.

1. First Probe (Hi-Cloud)
The weight of thls probe is 220 1lb,* its mass is 6.83 slugs,

and MAV 1is equal to 6.83 lb-sec. The propellant used to compen-
sate for cjection uncertalnties 1s calculated as follows:
MAVL = I O 2rLAt,

where 1 is the ejection mechanism offset of 0.05 £t (due to 1°
misalignment) or the cg uncertainty of 0.1 in. Then,
2TAt MAV1
W W™ m——— o e

I LI °
sp sp

*Updaced probe weight = 268 1b.
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For the cjectlon mechanlsm offset,

L - £6:83) (0.05)
) 9.5) (70)

= (0.515 x 1077 1b.

For che cg uncertalnty,

__(6.83) (0.1) »
w = (9.5) (70) (12) 0.086 x 10 1b.

For conservatism, these values are added directly. Thus, the
total usage for the first probe is 0.601 x 1073 1b.
2. Second and Third Probes (Small)
Weight = 270 1b;
Mass = 8.4 slugs;
MAV = 8.4 lbh-scc.

For the cjectlon mechanism offsct,

= 0.632 x 10™* 1b.

For the cg uncertainty,

MAV1
w = 7T

- -3
L Is 0.105 x 10 1b.

P

Thus, the total propellant usage for each of the second and
third probes is 1.737 x 1073 1b.
3. rourth Probe (Larcgc)
Weight = 525 1b;

Mass = 16.3 slugs;
MAV = 16.3 lb-sec.

Ffor Lhe ejectlon mechanlum offset:

_ Mavl

LI
8p

= 1.23 x 1073 1b.

W

i W b

N TR e b
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For the cg uncertainty,

b = %9%1- = 0.21 x 10=* 1b.

8p
So the total usage for the ejectlon of the fourth probe is 1.44 x
107% 1b.

G. PROPELLANT WETGHT SUMMARY

Eecause of overshoot incurred for large attitude changes, a

factor of 1.4 was applied to the propellant usage for these maneu-

vers., Table K-1 gummarizes propellant welghts.

o o e




Table K-1 Propellant Weight Summary

MCR-70-89 (Vol 1II)

Propellant Usage

(b x 10%)
With
Description Channel Basic Overshoot
Stabilize Tipoff P 76.8 107.5
Rates Y 76.8 107.5
R 43.0 60.2
Sun Reference P 9.6 13.5
Y 9.6 13.5
Canopus Reference R 5.4 7.6
Limit Cycle P 326.0 326.0
\ 326.0 326.0
R 184.0 184.0
Midcourse
Orient from Burn P 9.6 13.5
Y 9.6 13.5
R 5.4 7.6
Null Offsets PoryY 653.0 915.0
R 653.0 915.0
Probe Eject
10 Maneuvers P 96.0 135.0
R 54.0 76.0
First Probe P 0.6 0.6
R 0.6 0.6
Second and
Third Probe P 1.5 1.5
R 15 1.5
Fourth Probe P 1.4 1.4
R 1.4 1.4

L=3.228 1b
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